(19) 



Europalsohes Patentamt 
European Patent Office 
Office europeen dee brevets 



(12) 



(H) EP 0 933 904 A2 

EUROPEAN PATENT APPLICATION 



(43) Date ot publication: 

04.08.1999 Bulletin 1999/31 

(21) Application number: 99101877.1 

(22) Date of filing: 28.01.1999 



(51) mtci.«: H04L 27/34 



(84) 


Designated Contracting States: 


• Orlhashl, Maoayuki 




AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 


Ichlkawa-shl, Chlba-ken 272-0021 (JP) 




MC NL PT SE 


• Matsuoka,Aklhlko 




Designated Extension Stales: 


Yokohama 226-0021 (JP) 




AL LT LV MK RO SI 


• Sagawa, Morlkazu 






Inagkshi, Tokyo 206-0821 (JP) 


(30) 


Priority: 30.01.1998 JP 1859398 






26.02.1998 JP 4498398 


(74) Representative: Flnsterwald, Manfred et al 






Patentanwfllte, 


(71) 


Applicant: Matsushita Electronics Corporation 


Manttz, Flneterwald & Partner GbR, 




Kadoma-shi, Osaka 571-8501 (JP) 


Robert-Koch-Straeae 1 






80538 MQnchen (DE) 


(72) 


Inventors: 


« 


Murakami, Yutaka 






Yokohama 230-0074 (JP) 





(54) Data transmission using a combination of modulation types 



(57) An input digital signal is periodically and alter- 
nately subjected to firsl modulation and second modu- 
lation, being thereby converted into a pair of a baseband 
I signal and a baseband Q signal. The first modulation 



and the second modulation are different from each oth- 
er. The pair of the baseband I signal and the baseband 
Q signal are outputted. The first modulation may be at 
least 8-signal-point modulation while the second modu- 
lation may be phase shift keying. 
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Description 

BACKGROUND OF THE INVENTION 
Field of Ihe Invention 

[0001] IYug invention relates to a modulation method. This invention also relates to a. radio communication system. 
Description of the Related Art 

[0002] Japanese published unexamined patent application 9-93302 discloses a digital radio communication system 
in which a transmitted signal is composed of a stream of frames each having N successive symbols. Here, N denotes 
a predetermined natural number. In every frame, the first and second symbols are pilot symbols of known data (fixed 
data), and the pilot symbols are followed by (N-2) symbols representing main information to be transmitted. 
[0003] In the digital radio communication system of Japanese application 9-93302, 6ince pilot symbols in every frame 
are composed of fixed data and are not used in the transmission of main information, they cause a decrease in the 
main-information transmission rate. 

SUMMARY OF THE INVENTION 

[0004] It is a first object of this invention to provide a modulation method which can prevent the occurrence of a 
decrease in an information transmission rate. 

[0005] It is a second object of this invention to provide a radio communication system which can prevent the occur- 
rence of a decrease in an information transmission rate. 

[0006] A first aspect of this invention provides a method of modulation which comprises the steps of periodically and 

alternately subjecting an input digital signal to first modulation and second modulation to convert the input digital signal 

into a pair of a baseband I signal and a baseband Q signal, the first modulation and the second modulation being 

different from each other; and outputting the pair of the baseband I signal and the baseband Q signal. 

[0007] A second aspect of this invention is based on the first aspect thereof, and provides a method wherein the first 

modulation is at least 8-6ignal-point modulation, and the second modulation is phase shift keying. 

[0008] A third aspect of this invention is based on the second aspect thereof, and provides a method wherein the 

phase shift keying is quadrature phase shift keying. 

[0009] A fourth aspect of this invention is based on the third aspect thereof, and provides a method wherein the 
quadrature phase shift keying provides signal points on an I axis and a Q axis in an l-Q plane. 
[0010] A fifth aspect of this invention is based on the second aspect thereof, and provides a method wherein the at 
least 6-signal-point modulation Is at least 8 quadrature amplitude modulation. 

[0011] A sixth aspect of this invention is based on the fourth aspect thereof, and provides a method wherein the at 
least 8-signal-point modulation is at least B quadrature amplitude modulation. 

[0012] A seventh aspect of this invention is based on the fifth aspect thereof, and provides a method wherein the at 
Iea6t 8 quadrature amplitude modulation is 16 quadrature amplitude modulation. 

[0013] An eighth aspect of this invention is based on the sixth aspect thereof, and provides a method wherein the 
at least 8 quadrature amplitude modulation is 16 quadrature amplitude modulation. 

[0014] A ninth aspect of this invention is based on the fifth aspect thereof, and provides a method wherein the at 
least 8 quadrature amplitude modulation provides signal points which result from rotation of signal points of at least 
8 -value normal quadrature amplitude modulation through an angle of rJ4 radian about an origin in an l-Q plane. 
[0015] A tenth aspect of this invention is based on the sixth aspect thereof, and provides a method wherein the at 
least 8 quadrature amplitude modulation provides signal points which result from rotation of signal points of at least 
B-value normal quadrature amplitudo modulation through an angle of tJA radian about an origin in an l-Q piano. 
[0016] An eleventh aspect of this invention is based on the seventh aspect thereof, and provides a method wherein 
the 16 quadrature amplitude modulation provides signal points which result from rotation of signal points of 16-value 
normal quadrature amplitude modulation through an angle of n/4 radian about an origin in an l-Q plane. 
[0017] A twelfth aspect of this invention is based on the eighth aspect thereof, and provides a method wherein the 
1 6 quadrature ampliludo modulation provides signal points which result from rotation of signal points ol 1 6-valuo normal 
quadrature amplitude modulation through an angle of n/4 radian about an origin in an l-Q plane. 
[0018] A thirteenth aspect of this invention is based on the second aspect thereof, and provides a method wherein 
a maximum of amplitudes corresponding to signal points of the at least 8-signal-point modulation in an I^Q plane is 
equal to an amplitude of a signal point of the phase shift keying in the l-Q plane. 

[0019] A fourteenth aspect of Ihis invention is based on the sovenlh aspect thorool, and provides a method wherein 
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a distance between signal points of the 16 quadrature amplitude modulation in an l-Q plane is equal to a given value 
times a distance between signal points of the phase shift keying in thel-Q plane, the given value being in a range of 
0.9 to 1.5. 

[0020] A fifteenth aspect of this invention is based on the seventh aspect thereof, and provides a method wherein a 
5 distance between signal points of the 16 quadrature amplitude modulation in an l-Q plane is equal lo twice a distance 
between signal points ot the phase shirt keying in the l-Q plane. 

[0021] A sixteenth aspect of this invention is based on the eighth aspect thereof, and provides a method wherein a 
distance between signeJ points of the 16 quadrature amplitude modulation In the l-Q plane Is equal to J2 times a 
distance between signal points of the quadrature phase shift keying in the l-Q plane. 
w [0022] A seventeenth aspect of this invention is based on the second aspect thereof, and provides a method wherein 
the phase shift keying providing periodically -spaced symbols which represent corresponding portions of the input digital 
signal in terms of differences between phases of the periodically -spaced symbols. 

[0023] An eighteenth aspect ol this invention Is based on the seventeenth aspect thereof, and provides a method 
wherein the at least 8 -signal -point modulation assigns logic states of the input digital signal to respective signal points 
is for a first symbol in response to a signal point used by a second symbol of the phase shift keying which precedes the 
first symbol. 

[0024] A nineteenth aspect of this invention is based on the seventeenth aspect thereof, and provides a method 
wherein the at least 6-signal-point modulation is at least 8 quadrature amplitude modulation. 

[0025] A twentieth aspect of this invention is based on the nineteenth aspect thereof, and provides a method wherein 
zo the at least 8 quadrature amplitude modulation is 16 quadrature amplitude modulation. 

[0026] A twenty-first aspect of this invention is based on the nineteenth aspect thereol, and provides a method where- 1 

in the at least 3 quadrature amplitude modulation provides signal points which result from rotation of signal points of 

at least 3 -value normal quadrature amplitude modulation through an angle of vJA radian about an origin in an l-Q plane. 

[0027] A twenty-second aspect ot this Invention is based on the twentieth aspect thereol, and provides a method 
£5 wherein the 16 quadrature amplitude modulation provides signal points which result from rotation of signal points of 

16-value normal quadrature amplitude modulation through an angle of n/4 radian about an origin in an l-Q plane. 

[0028] A twenty-third aspect of this invention is based on the seventeenth aspect thereof, and provides a method 

wherein the phase shift keying is quadrature phase shift keying. 

[0029] A twenty-fourth aspect of this invention is based on the twenty-third aspect thereof, and provides a method 

30 wherein the quadrature phase shift keying provides signal points on an I axis and a Q axis in an l-Q plane. 

[0030] A twenty-fifth aspect of this invention is based on the first aspect thereof, and provides a method wherein the 
first modulation is 16 quadrature amplitude modulation, and the second modulation is quadrature phase shift keying. 
[0031] A twenty-sixth aspect of this invention is based on the twenty -fifth aspect thereof, and provides a method 
wherein the 16 quadrature amplitude modulation provides signal points which result from rotation of signal points of 

05 16-value normal quadrature amplitude modulation through an angle of radian about an origin in an l-Q plane. 

[0032] A twenty-seventh aspect of this invention is based on the twenty-fifth aspect thereol, and provides a method 
wherein the quadrature phase shift keying provides signal points on an I axis and a Q axis in an l-Q plane. 
[0033] A twenty-eighth aspect of this invention is based on the twenty-fifth aspect thereof, and provides a method 
wherein the 16 quadrature amplitude modulation provides signal points which result from rotation of signal points of 

40 16-value normal quadrature amplitude modulation through an angle of tdA radian about an origin in an l-Q plane, and 
the quadrature phase shift keying provides signal points on an I axis and a Q axis In the l-Q plane. 
[0034] A twenty-ninth aspect of this invention is based on the twenty-fifth aspect thereof, and provides a method 
wherein a maximum of amplitudes corresponding to signal points of the 16 quadrature amplitude modulation in an I- 
Q plane is equal to an amplitude of a signal point of the quadrature phase shift keying in the l-Q plane. 

<*£ [0035] A thirtieth aspect of this invention is based on the twenty -fifth aspect thereof, and provides a method wherein 
a distance between signal points of the 1 6 quadrature amplitude modulation in an l-Q plane is equal to a given value 
times a distance between signal points of the quadrature phase shift keying in the l-Q plane, the given value being in 
h range of 0.9 to 1.5. 

[0036] A thirty-first aspect of this invention is based on the twenty-fifth aspect thereof, and provides a method wherein 
so a distance between signal points ol the 16 quadrature amplitude modulation in an l-Q plane is equal to twice a distance 
between signal points of the quadrature phase shift keying in the l-Q plane. 

[0037] A thirty-second aspect of this invention is based on the twenty-sixth aspect thereof, and provides a method 
wherein a distance botwoon signal poinls of the 16 quadrature amplitude modulation in the l-Q piano is equal to J2 
times a distance between signal points of the quadrature phase shift keying in the IQ plane. 
ss [0038] A thirty-third aspect of this invention provides a transmission appa ratus comprising first means for periodically 
and alternately subjecting an input digital signal to first modulation and second modulation to convert the input digital 
signal into a pair of a baseband I signal and a baseband Q signal, the first modulation and the second modulation 
being different from each othor, tho first modulation being at loasl 8-signal-poinl modulation, tho second modulation 
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being phase shift keying; and second means for outputting the pair of the baseband I signal and the baseband Q signal. 
[0039] A thirty-fourth aspect of this invention provides a reception apparatus comprising first means for recovering 
a pair of a baseband I signal and a baseband Q signal from a received signal; and second means for periodically and 
alternately subjecting the pair of the baseband I signal and the baseband Q signal to first demodulation and second 
5 demodulation to convert Ihe pair of the baseband I signal and the baseband Q signal into an original digital signal; 
wherein the first demodulation is for signals of at least B signal points modulation, and the second demodulation is 
phase shift keying demodulation. 

[0040] A thirty-fifth aspect of this invention provides a radio communication system comprising a transmission ap- 
paratus including a1) first means for periodically and alternately subjecting an input digital signal to first modulation 

io and second modulation to convert Ihe input digital signal into a pair of a baseband I signal and a baseband Q signal, 
the first modulation and the second modulation being different from each other, the first modulation being at least 
8-signal-point modulation, the second modulation being phase shift keying; a2) second means for converting the pair 
of the baseband I signal and the baseband Q signal generated by the first means into a corresponding RF signal; and 
a3) third means for transmitting the RF signal generated by the second means; a reception apparatus including b1) 

'5 fourth means for receiving the RF signal transmitted by the third means; b2) fifth means for recovering a pair of a 
baseband I signal and a baseband Q signal Irom the RF signal received by the fourth means; and b3) sixth means for 
periodically and alternately subjecting the pair of the baseband I signal and the baseband Q signal recovered by the 
fifth means to first demodulation and second demodulation to convert the pair of the baseband I signal and the baseband 
Q signal into an original digital signal; wherein the first demodulation is for signals of at least 6 signal points modulation, 

20 and the second demodulation is phase shift keying demodulation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] Fig. 1 is a block diagram of a transmitter in a radio communication system according to a first embodiment 
25 of this invention. 

[0042] Fig. 2 is a block diagram of a modulator (a quadrature baseband modulator) in Fig. 1 . 

[0043] Fig. 3 is a block diagram of a receiver in the radio communication system according to the first embodiment 

of this invention. 

[0044] Fig. 4 is a block diagram of a quasi synchronous detector in Fig. 3. 
30 [0045] Fig. 5 is a diagram of an arrangement of 16 signal points in an l-Q plane which are provided by 16-value APSK. 
[0046] Fig. 6 is a diagram of an arrangement of 6ignal points in an I O plane which are provided by QPSK. 
[0047] Fig. 7 is. a time-domain diagram of a symbol stream. 

[0048] Fig. 8 is a bock diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a second embodiment of this invention. 
35 [0049] Fig. 9 is a bock diagram of a quasi synchronous detector in a receiver in the radio communication system 
according to the second embodiment of this invention. 

[0050] Fig. 1 0 is a diagram of an arrangement of 6ignal points in an l-Q plane which are provided by 2 2m QAM (2 2m - 
vaiue QAM), 

[0051] Fig. 11 is a time-domain diagram ol a symbol stream. 
40 [0052] Fig. 1 2 is a diagram of an arrangement of signal points in an l-Q plane which are provided by 1 6QAM (1 6-value 
QAM). 

[0053] Fig. 1 3 is a time-domain diagram of a symbol stream. 

[0064] Fig. 1 4 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a fourth embodiment of this invention. 
45 [0055] Fig. 1 5 is a diagram of an arrangement of signal points in an l-Q plane which are provided by QPSK. 

[0056] Fig. 16 Is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
according to the fourth embodiment of this invention. 

[0057] Fig. 1 7 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a fifth embodiment of this invention. 
so [0058] Fig. 18 is a block diagram ol a quasi synchronous detector in a receiver in the radio communication system 
according to the fifth embodiment of this invention. 
. [0059] Fig. 1 9 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a seventh embodiment of this invention. 

[0060] Fig. 20 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
55 according to the seventh embodiment of this invention. 

[0081] Fig. 21 is a diagram of an arrangement of signal points in an l-Q plane which are provided by 2 2m QAM (2 2 " 1 - 
value QAM). 

[0062] Fig. 22 is a diagram of an ar rang omen I of signal points in an l-Q piano which are provided by 1 6QAM (1 6- value 
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QAM). 

[0063] Fig. 23 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a ninth embodiment of this invention. 

[0064] Fig. 24 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
5 according to the ninth embodiment ol this invention. 

[0066] Fig. 25 is a time-domain diagram of a symbol stream. 

[0066] Fig. 26 is a diagram of the relation between the bit error rate and the carrier-to-noise power ratio which is 

provided in an eleventh embodiment of this invention, and the corresponding relation in a prior-art system. 

[0067] Fig. 27 is a diagram of the relation between the bit error rate and the carrier-to-noise power ratio which is 

10 provided in a twelfth embodiment of this invention, and the corresponding relation in a prior-art system. 

[0068] Fig. 2B is a diagram of the relation between the bit error rate and the carrier-to : noise power ratio which is 
provided in a thirteenth embodiment of this invention, and the corresponding relation in a prior-art system. 
[0069] Fig. 29 is a diagram of the relation between the bit error rate and the carrier-to-noise power ratio which is 
provided in a fourteenth embodiment of this invention, and the corresponding relation in a prior-art system. 

75 [0070] Fig. 30 is a block diagram of a transmitter in a radio communication system according to a fifteenth embodiment 
of this invention. 

[0071] Fig. 31 is a block diagram of a modulator (a quadrature baseband modulator) in Fig. 30. 
[0072] Fig. 32 is a block diagram of a receiver in the radio communication system according to the fifteenth embod- 
iment of this invention. 
20 [0073] Fig. 33 is a block diagram of a quasi synchronous detector in Fig. 32. 

[0074] Fig. 34 is a diagram of an arrangement of B signal points in an l-Q plane which are provided by 8PSK. 
[0075] Fig. 35 is a diagram of an arrangement of two signal points in an l-Q plane which are provided by BPSK. 
[0076] Fig. 36 is a time-domain diagram of a symbol stream. 

[0077] Fig. 37 is a diagram of an arrangement of signal points of BPSK, and logic states assigned thereto. 
25 [0078] Fig. 36 is a diagram of signal points of 8PSK, logic states assigned thereto, and a first signal point of BPSK. 
[0079] Fig. 39 is a diagram of signal points of 8PSK, logic states assigned thereto, and a second signal point of BPSK. 
[0060] Fig. 40 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a sixteenth embodiment of this invention. 

[0061] Fig. 41 is a block diagram of a quasi synchronous detector in a receiver In the radio communication system 
30 according to the sixteenth embodiment of this invention. 

[0062] Fig. 42 is a diagram of an arrangement of signal points in an l-Q plane which are provided by 2 2m QAM (2^ m - 
value QAM). 

[0063] Fig. 43 is a diagram of an arrangement of signal points in an l-Q plane which are provided by 16QAM (16-vaiue 
QAM). 

35 [0064] Fig. 44 is a time -domain diagram of a symbol stream. 

[0066] Fig. 45 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a first 
signal point of BPSK. 

[0086] Fig. 46 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a second 
signal point of BPSK. 

to [0067] Fig. 47 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a seventeenth embodiment of this invention. 

[0086] Fig. 48 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
according to the seventeenth embodiment of this invention. 

[0069] Fig. 49 is a diagram of an arrangement of signal points in an l-Q plane which are provided by 2 2m QAM (2 2m - 
« value QAM). 

[0090] Fig. 50 is a diagram of an arrangement of signal points in an l-Q plane which are provided by 1 6QAM (1 6-value 
QAM). 

[0091] Fig. 51 is a diagram of signal points of 16QAM (16-value QAM), logic stales assigned (hereto, and a first 
signal point of BPSK. 

so [0092] Fig. 52 is a diagram of signal points of 1 6QAM (1 6-value QAM), logic states assigned thereto, and a second 
signal point of BPSK. 

[0093] Fig. 53 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication syslem according to an eighteenth embodiment of this invention. 

[0094] Fig. 54 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
55 according to the eighteenth embodiment of this invention. 

[0096] Fig. 55 is a diagram of an arrangement of signal points in an l-Q plane which are provided by QPSK. 
[0096] Fig. 56 is a time-domain diagram of a symbol stream. 

[0097] Fig. 57 is a diagram of signal points of QPSK, and logic stales assigned thereto. 
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[0098] Fig. 58 is a diagram of signal points of 8PSK, logic states assigned thereto, and a first signal point of QPSK. 
[0099] Fig. 59 i6 a diagram of signal points of 3PSK, logic states assigned thereto, and a second signal point of QPSK. 
[0100] Fig. 60 is a diagram of signal points of 8PSK, logic states assigned thereto, and a third signal point of QPSK. 
[0101] Fig. 61 is a diagram of signal points of 8PSK. logic 6tates assigned thereto, and a fourth signal point of QPSK. 
5 [01 02] Fig. 62 is a block diagram of a modulalor (a quadrature baseband modulator) in a Iransmilter in a radio com- 
munication system according to a nineteenth embodiment of this invention. 

[0103] Fig. 63 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
according to the nineteenth embodiment of this invention. 
[0104] Fig. 64 is a time-domain diagram of a symbol stream, 
ro [0105] Fig. 65 is a diagram of signal points of 16QAM (16-value QAM), logic 6tales assigned thereto, and a first 
signal point of QPSK. 

[0106] Fig. 66 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a second 
signal point of QPSK. 

[0107] Fig. 67 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a third 
is signal point of QPSK. 

[0108] Fig. 68 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a fourth 
signal point of QPSK. 

[0109] Fig. 69 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a twentieth embodiment of this invention. 
zo [01 1 0] Fig. 70 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
according to the twentieth embodiment of this invention. 

[011 1] Fig. 71 is a diagram of an arrangement of signal points in an l-Q plane which are provided by QPSK. 
[011 2] Fig. 72 is a diagram of signal points of 8PSK, logic states assigned thereto, and a first signal point of QPSK. 
[01 1 3] Fig. 73 is a diagram of signal points of 8PSK, logic states assigned thereto, and a second signal point of QPSK. 
25 [011 4] Fig. 74 is a diagram of signal points of 8PSK, logic slates assigned thereto, and a third signal point of QPSK. 
[01 15] Fig. 75 is a diagram of signal points of 8PSK, logic states assigned thereto, and a fourth signal point of QPSK. 
[0116] Fig. 76 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
munication system according to a twenty-first embodiment ol this invention. 

[0117] Fig. 77 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
30 according to the twenty-first embodiment of this invention. 

[0118] Fig. 78 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a first 
signal point of QPSK. 

[0119] Fig. 79 is a diagram of signal points of 16QAM (1 6-value QAM), logic states assigned thereto, and a second 
signal point of QPSK. 

35 [0120] Fig. 80 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a third 
signal point of QPSK. 

[0121] Fig. 81 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a fourth 
signal point of QPSK ; 

[01 22] Fig. 82 is a block diagram of a modulator (a quadrature baseband modulator) in a transmitter in a radio com- 
40 munication system according to a twenty-second embodiment of this invention. 

[0123] Fig. 83 is a block diagram of a quasi synchronous detector in a receiver in the radio communication system 
according to the twenty-second embodiment of this invention. 

[0124] Fig. 84 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a first 
signal point of QPSK. 

45 [0125] Fig. 65 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a second 
signal point of QPSK. 

[0126] Fig. 86 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a third 
signal point of QPSK. 

[0127] Fig. 87 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a fourth 
so signal point of QPSK. 

[01 28] Fig. 86 is a block diagram of a modulator (a quadrature baseband modulator) In a transmitter in a radio com- 
munication system according to a twenty-third embodiment of this invention. 

[0129] Fig. 89 is a block diagram of a quasi synchronous detector in a roceivor in the radio communication syslom 
according to the twenty-third embodiment of this invention. 
ss [0130] Fig. 90 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a first 
signal point of QPSK. 

[0131] Fig. 91 is a diagram of signal points of 16QAM (16-vaiue QAM), logic states assigned thereto, and a second 
signal point of QPSK. 
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[0132] Fig. 92 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and a third 
signal point of QPSK. 

[0133] Fig. 93 is a diagram of signal points of 16QAM (16-value QAM), logic states assigned thereto, and afourth 
signal point of QPSK. 

5 [0134] Fig. 94 is a diagram ol relations between the bil error rate and the ratio of the 1 -bit signal energy *Eb' to the 
noise power density "NO". 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

io [01 35] In Ihe following description, 2 2m -value QAM means 2 2m QAM, and 1 6-value QAM means 1 6QAM and 1 6-value 
APSK means 1 6APSK. 

First Embodiment 

is [0136] Fig. 1 shows a transmitter 10 in a radio communication system according to a first embodiment of this inven- 
tion. With reference to Fig. 1 , the transmitter 10 includes a modulator 12 and an RF (radio frequency) portion 15. The 
modulator 12 is defined and referred to as the quadrature baseband modulator 12. 

[0137] A digital signal to be transmitted (that is, an input digital signal or main information to be transmitted) is fed 
to the quadrature baseband modulator 12. The device 12 subjects the input digital signal to quadrature baseband 
20 modulation, thereby converting the input digital signal into a pair of modulation -resultant baseband signals, that is, a 
baseband I (in-phase) signal and a baseband Q (quadrature) signal. The quadrature baseband modulator 12 outputs 
the baseband I signal and the baseband Q signal to the RF portion 1 5. 

[0138] The RF portion 15 converts the baseband I signal and the baseband Q signal into an RF signal through 
frequency conversion which may include RF modulation. The RF portion 1 5 feeds the RF signal to an antenna 1 7. The 
?5 RF signal is radiated by the antenna 17. 

[01 39] As shown in Fig. 2, the quadrature baseband modulator 1 2 includes a 1 6-value APSK (amplitude phase shift 
keying) modulator 12 A, a QPSK (quadrature phase shift keying) modulator 12B, a reference signal generator 12C, 
and switches 12D and 12E. 

[0140] Ihe APSK modulator 12A and the QPSK modulator 12B receives the input digital signal. The device 12A 
30 subjects the input digital signal to 16 APSK (16-value APSK modulation), thereby converting the input digital signal into 
a pair of a baseband I signal and a baseband Q signal. The APSK modulator 12A outputs the baseband I signal to the 
switch 12D. The APSK modulator 12A outputs the baseband Q signal to the switch 12E. The device 12B subjects the 
input digital signal to QPSK (QPSK modulation), thereby converting the input digital signal into a pair of a baseband I 
signal and a baseband Q signal. The QPSK modulator 1 2 B outputs the baseband I signal to the switch 1 2D. The QPSK 
35 modulator 12B outputs the baseband Q signal to the switch 12E. The reference signal generator 12C outputs a refer- 
ence baseband I signal to the switch 1 2D. The reference signal generator 1 2C outputs a reference baseband Q signal 
to the switch 1 2E. The output I and Q signals from the reference signal generator 1 2C are used in acquiring synchro- 
nization between the transmitter 10 and a receiver during an initial stage of signal transmission. The switch 1 2D selects 
ons of the output I signal from the APSK modulatoM2A. the output I signal from the QPSK modulator 12B. and the 
40 output I 6ignal from the reference signal generator 12C, and transmits the selected I signal to the RF portion 15. The 
switch 12E selects one of the output Q signal from the APSK modulator 12 A, the output Q signal from the QPSK 
modulator 1 2B, and the output Q signal from the reference signal generator 1 2C, and transmits the selected Q signal 
to the RF portion 1 5. 

[0141] During an initial stage of signal transmission, the switch 12D selects the output I signal from the reference 
« signal generator 1 2C while the switch 1 2D selects the output Q signal from the reference signal generator 1 2C. During 
an interval of time which follows the Initial stage, the switch 12D alternately selects one of the output I signal from the 
APSK modulator 12A and the output I signal from the QPSK modulator 12B at a predetermined period, and transmits 
Ihe soloclod t signal to the RF portion 15. During the time interval following the initial stago, the switch 12E alternately 
selects one of the output Q signal from the APSK modulator 12A and the output Q signal from the QPSK modulator 
so 12B at the predetermined period, and transmits the selected Q signal to the RF portion 15. 

[01 42] Accordingly, with respect to the input digital signal, the quadrature baseband modulator 1 2 alternately imple- 
ments the 16-value APSK modulation and the QPSK modulation at the predetermined period. 

[0143] Fig. 3 shows a receiver 20 in Ihe radio communication syslom according lo the first embodiment of this in- 
vention. With reference to Fig. 3, the receiver 20 includes an RF portion 22, calculators 25 and 26, and a quasi syn- 
ss chronous detector 29. 

[01 44] An RF signal caught by an antenna 21 Is applied to the RF portion 22. The RF portion 22 subjects the applied 
RF signal to frequency conversion (which may include RF demodulation), thereby converting the applied RF signal 
into a pair of a baseband I signal and a baseband Q signal. The RF portion 22 outputs Lho baseband t signal and the 
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baseband Q signal to the calculators 25 and 26. and the quasi synchronous detector 29. 

[0145] The calculator 25 estimates an amplitude distortion amount from the baseband I signal and the baseband Q 
signal. The calculator 25 informs the quasi synchronous detector 29 of the estimated amplitude distortion amount. The 
calculator 26 estimates a frequency offset amount from the baseband I signal and the baseband Q signal. The calculator 
26 informs Ihe quasi synchronous detector 29 of the estimated frequency offset amounl 

[0146] The device 29 subjects the baseband I signal and the baseband Q signal to quasi synchronous detection 
responsive to the estimated amplitude distortion amount and the estimated frequency offset amount, thereby demod- 
ulating the baseband I signal and the baseband Q signal into an original digital signal. Thus, the quasi synchronous 
detector 29 recovers the original digital signal from the baseband I signal and the baseband Q signal. The quasi syn- 
chronous detector 29 outputs the recovered original digital signal. 

[0147] As shown in Fig. 4, the quasi synchronous detector 29 includes a 16-value APSK demodulator 29A, a QPSK 
demodulator 29B, and a switch 29C. 

[01 48] The APSK demodulator 29A and the QPSK demodulator 29B receive the baseband I and Q signals from the 
RF portion 22. In addition, the APSK demodulator 29A and the QPSK demodulator 29B are informed of the estimated 
amplitude distortion amount and ihe estimated frequency offset amount by the calculators 25 and 26. 
[0149] The device 29A subjects the baseband I signal and the baseband Q signal to 16-value APSK demodulation 
responsive to the estimated amplitude distortion amount and the estimated frequency of set amount, thereby demod- 
ulating the baseband I signal and the baseband Q signal into an original digital signal. Thus, the APSK demodulator 
29A recovers the original digital signal from the baseband I signal and the baseband Q signal. The APSK demodulator 
29A outputs the recovered original digital signal to the switch 29C. 

[0160] The device 290 subjects the baseband I signal and the baseband Q signal to QPSK demodulation responsive 
to the estimated amplitude distortion amount and the estimated frequency offset amount, thereby demodulating the 
baseband I signal and the baseband Q signal into an original digital signal. Thus, the QPSK demodulator 29B recovers 
the original digital signal Irom the baseband I signal and the baseband Q signal. The QPSK demodulator 29B outputs 
the recovered original digital signal to the switch 29C. 

[0161] The switch 29C alternately selects the output digital signal from the APSK demodulator 29A and the output 
digital signal from the QPSK demodulator 29B in response to a timing signal (a frame and symbol sync signal), and 
transmits the selected digital signal to a later stage. When the baseband I and Q signals outputted from the RF portion 
22 to the quasi synchronous detector 29 correspond to a result of the 16-value APSK modulation, the switch 29C 
selects the output digital signal from the APSK demodulator 29A. When the I and Q signals outputted from the RF 
portion 22 to the quasi synchronous detector 29 correspond to a result of the QPSK modulation, the switch 29C selects 
the output digital signal from the QPSK demodulator 29B. 

[01 52] For example, the APSK demodulator 29 A includes an amplitude correction circuit (an amplitude compensation 
circuit) and a frequency correction circuit (a frequency compensation circuit). The amplitude correction circuit compen- 
sates for an amplitude distortion of the baseband I signal and the baseband Q signal in response to the estimated 
amplitude distortion, thereby generating a first compensation-resultant baseband I signal and a first compensation- 
resultant baseband Q signal. The frequency correction circuit compensates for a frequency offset of the first compen- 
sation-resultant baseband I signal and the first compensation-resultant baseband Q signal in response to the estimated 
frequency offset amount, thereby generating a second compensation -resultant baseband I signal and a second com- 
pensation-resultant baseband Q signal. In the APSK demodulator 29A, the second compensation-resuttant baseband 
I signal and the second compensation-resultant baseband Q signal are subjected to the 1 6-value APSK demodulation, 
being converted into the original digital signal. 

[01 53] For example, the QPSK demodulator 29B includes an amplitude correction circuit and a frequency correction 
circuit. The amplitude correction circuit compensates for an amplitude distortion of the baseband I signal and the base- 
band Q signal in response to the estimated amplitude distortion, thereby generating a first compensation-resultant 
baseband I signal and a first compensation-resultant baseband Q signal. The frequency correction circuit compensates 
for a frequency offset of the first compensat ion-res uttant baseband I signal and the first compensation-resultant base- 
band Q signal in response to the estimated frequency offsot amounl, thereby generating a second compensation- 
resultant baseband I signal and a second compensation-resultant baseband Q signal. In the QPSK demodulator 29B, 
the second compensation-resultant baseband I signal and the second compensation -f esultant baseband Q signal are 
subjected to the QPSK demodulation, being converted into the original digital signal. 

[0154] Fig. 5 shows an arrangement of 16 signal points in an l-Q plane which are provided by the 16-value APSK 
modulation. In Fig. 5, the 16 signal points are denoted by the reference numerals 01". The .16 signal points are assigned 
to 16 different logic values respectively. The positions {I| 6 apsk* q i6apsk) of tne 16 signal points are given by the 
following equations. 
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0 16APQK = hO{cos(|) sin(^) 4 th({) cos(^) ) + hlsin(^) (2) 

whore 'k* donolos a variable integer, (hO, hi) = (0, gl) or (hO, hi) = (gO, 0); *g0" and 'gl" denote predetermined 
s constants respectively; and the constant g1 is greater than the constant gO. With relerence to Fig. 5, the signal points 
on the Q axis correspond to the maximum amplitude which is given by the constant gt. 

[0155] Fig. 6 shows an arrangement ol signal points in an I -Q plane which are provided by the QPSK modulation. 
In Fig. 6, the signal points are denoted by the reference numeral "201 The signal points are assigned to different logic 
values respectively. The positions (Iq PS k> Qqpsk) of tnG signal points are given by the lollowing equations. 

10 

Iqpsk = Pl cos (^) ) - sin <}) ■""(7) 1 (3) 
1S Qqpsk = Plcos(^) sin [^) + sin<?) cos(^) } (4) 



where "k" denotes a variable integer, and a p' denotes a predetermined constant. With reference to Fig. 6, all the signal 
points correspond to a same amplitude given by the constant "p". In addition, all the distances between the neighboring 
signal points are equal to a same value given by V2p . Furthermore, the signal points are spaced at equal angular 
20 intervals. Accordingly a QPSK modulation-resultant signal is suited tor detecting an amplitude distortion and a fre- 
quency offset. 

[0156] With reference to Fig. 7, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator 12 in the Iransmitlor 10, or the RF signal oulpullod from the RF portion 15 in Iho transmitter 10 is composed 
of a stream of frames each having N successive symbols. Here, N denotes a predetermined natural number In every 
25 frame, the first symbol results Irom the QPSK modulation, and the second and later symbols result from the 16-value 
APSK modulation. The first symbol in every frame (that is, the QPSK symbol in every frame) is used by the receiver 
20 as a pilot symbol lor estimating an amplitude distortion amount and a frequency offset amount. It should be noted 
thai every pilot symbol also carries a pa/1 of the main information to be transmitted. 

[0157] In the receiver 20, the calculator 25 separates pilot symbols (first symbols in frames) from the output I and Q 
30 signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding 

to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. Similarly 

the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF portion 22 

in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The calculator 

26 estimates a frequency offset amount from the separated pibt symbols. 
35 [0158] Preferably, the maximum amplitude gl provided by the 1 6-value APSK modulation is equal to the amplitude 

•p' provided by the QPSK modulation. In this case, the amplitude distortion amount and the frequency offset amount 

can be accurately estimated. 

[01 59] The quasi synchronous detector 29 in the receiver 20 is designed to implement the following processes. The 
quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to the QPSK demodulation 
40 and outputs the QPSK-domodulalion-rosultant digital signal when the output I and Q signals of the RF portion 22 
represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 
to the 16-value APSK demodulation and outputs the APSK-demodulation-resultant digital signal when the output I and 
Q signals of the RF portion 22 represent a normal symbol different from a pilot symbol. 

4 5 Second Embodiment 

[01 60] A second embodiment of this invention is similar to the first embodiment thereof except for design changes 
indicated hereinafter. 

[01 61] As shown in Fig. 6, a modulator (a quadrature baseband modulator) tn a transmitter In the second embodiment 
50 of this invention includes a 2? m QAM (2 2m -value QAM or 2 2m -value quadrature amplitude modulation) modulator 12F 
instead of the 16-value APSK modulator 12A (see Fig. 2). Here, "m" denotes a predetermined integer equal to or 
greater than "2". 

[0162] As shown in Fig. 9, a quasi synchronous detector in a receiver in the second embodiment of this invention 
Includes a 2 2m -value QAM demodulator 29D instead of the 1 6-vaJue APSK demodulator 29A (see Fig. 4). 
5 * [0169] Fig. 10 shows an arrangement of signal points in an l-Q plane which are provided by 2 2m -value QAM executed 
in the QAM modulator 12F. In Fig. 10, the signal points are denoted by the reference numeral '401'. The signal points 
are assigned to different logic values respectively. The positions (Iqam» Qqam) of tne signal points are given by the 
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following equations. 

(5) 



(6) 

where 'm' denotes a predetermined integer equal to or greater than "2"; (a1, b1), (a2, b2), •» , (am. bm) are binary 
code words ol B 1 0 and "-1 and B q" denotes a predetermined constant. With reference to Fig. 10, specified ones of the 
signal points correspond to the maximum amplitude which is given as follows. 

(2 m " 1 +2 m " 2 +— + 2°)V2q (7) 

[0164] With reference to Fig. 11, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator in the transmitter (see Fig. 1 ), or the RF signal outputted from the RF portion in the transmitter is composed 
of a stream of frames each having N successive symbols. Hero, N denoles a predetermined nalural number. In every 
frame, the first symbol resufts from the QPSK modulation, and the second and later symbols result from the 2 2m -value 
QAM. The first symbol in every frame (that is, the QPSK symbol in every frame) is used by the receiver as a pilot 
symbol for estimating an amplitude distortion amount and a frequency offset amount It should be noted that every 
pilot symbol also carries a part of the main information to be transmitted. 

[0165] In the receiver (see Fig. 3), the calculator 25 separates pilot symbols (first symbols in frames) from the oulpul 
I and Q signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corre- 
sponding to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF 
portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The 
calculator 26 estimates a frequency offset amount from the separated pilot symbols. 

[01 66] Preferably, the maximum amplitude provided by the 2 2m -value QAM, that is, the value given by the expression 
(7), is equal to the amplitude "p* provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0167] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resuftant digital signal when the output i and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous dotoclor 29 subjects the output I and Q signals of the RF portion 
22 1o 2 2nn -value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the output I and 
Q signals of the RF portion 22 represent a normal symbol different from a pilot symbol. 

Third Embodiment 

[0168] A third embodiment of this invention is similar to the second embodiment thereof except that 16-value QAM 
replaces 2 2m -value QAM. 

[0169] According to the third embodiment of this invention, a modulator (a quadrature baseband modulator) in a 
transmitter includes a 16-value QAM modulator instead of the 2 2r "-value QAM modulator 12F (see Fig. 8). In addition, 
a quasi synchronous detector in a receiver includes a 16-value QAM demodulator instead of the 2? m -valuo QAM de- 
modulator 29D (see Fig. 9). 

[0170] Fig. 12 shows an arrangement of signal points in an l-Q plane which are provided by the 16-value QAM. In 
Fig. 12, the signal points are denoted by the reference numeral "601 '.The signal points are assigned to different logic 
values respectively. The positions (I 16 qam- q isqam) ol signal points are given by the following equations. 

l i6QAM = r ( 2la1+2 ° a2 ) < 6 > 

Q l6QAM = r ( 2lb1 +2 ° b2 > (0) 

where (al , b1 ) and (a2, b2) are binary code words of T and "-1 °, and V denotes a predetermined constant. With 



I = q(2 nv1 a1 + 2 nv2 a2 + •- + 2°am) 

q qam = q^" 1 " 1 b1 + 2rn " 2b2 + ~ '+ 2 ° brT1 ) 
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reference to Fig. 1 2. specified ones of the signal points correspond to the maximum amplitude which Is given as follows. 

(2 1 +2°)V2r (10) 

5 / 

In addition, the distances between the neighboring signal points are equal to a same value given by "2f '. 
[0171] With reference to Fig. 13, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator in the transmitter (seo Fig. 1 ), or the RF signal outputted from the RF portion in the transmitter is composed 
of a stream of frames each having N successive symbols. Here, N denotes a predetermined natural number. In every 
10 frame, the first symbol results from the QPSK modulation, and the second and later symbols result from the 16-value 
QAM. The first symbol in every frame (that is, the QPSK symbol in every frame) is used by the receiver as a pilot 
symbol for estimating an amplitude distortion amount and a frequency offset amount It should be noted that every 
pilot symbol also carries a part of the main information to be transmitted. 

[01 72J In the receiver (see Fig. 3), the calculator 25 separates pilot symbols (first symbols In frames) from the output 
1S | and Q signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corre- 
sponding to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output 1 and Q signals of the RF 
portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The 
calculator 26 estimates a frequency offset amount from the separated pilot symbols. 
20 [0173] Preferably, the maximum amplitude provided by the 16-value QAM, that is. the value given by the expression 
(10), is equal to the amplitude "p a provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0174] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
25 ulation and outputs the QPSK-demodulation-resuttant digital signal when the output I and Q signals of the RF portion 
22 represent a pibl symbol. The quasi synchronous deleclor 29 subjects the output I and Q signals of the RF portion 
22 to 1 6-value QAM demodulation and the QAM-demodulation-resultant digital signal when the output I and Q signals 
of iho RF portion 22 represent a normal symbol different from a pilot symbol. 

[0176] In general, the inter-signal-point distance * V2p ■ in the QPSK modulation is equal to a given value times the 
30 inter-signal-point distance "2r n in the 16-value QAM. Preferably the given value is in the range of 0.90 to 1.50. In this 
case, a sufficiently low bit error rate is provided. 

[0176] Trie inter-signal-point distance * V2p " in the QPSK modulation may be equal to twice the inter-slgnal-point 
distance "2r* in the 16-value QAM. In this case, it is preferable that the quasi synchronous detector in the receiver 
detects the l-Q-plane amplitude of the output I and Q signals of the RF portion when the output I and Q signals of the 
35 RF portion 22 represent a pilot symbol, and that the detected l-Q-plane amplitude is used as an l-Q-plane amplitude 
threshold value for the 16-value QAM demodulation. 

Fourth Embodiment 

40 [0177] A fourth embodiment of this invention is similar to the first embodiment thereof except for design changes 
indicated hereinafter. 

[01 78] As shown in Fig. 1 4, a modulator (a quadrature baseband modulator) in a transmitter in the fourth embodiment 
of this invention includes a QPSK modulator 12G instead of the QPSK modulator 12B (see Fig. 2). 
[0179] Fig. 15 shows an arrangement of signal points in an l-Q plane which are provided by QPSK modulation 
45 implemented by the QPSK modulator 12G. In Fig. 15, the signal points are denoted by the reference numeral "SOI 1 . 
The signal points arc assigned to different logic values respectively. The posilions (Iqp3kr> Qqp3kr) °* lne si 9 na l points 
are given by the following equations. 



so 



55 



"OPSKR = 'QPSKf 003 ^ + "4 ) » - Q QPSKl Sin (4 + "4 ) 1 0 1 ) 

Qqpskr = Iqpsk{*< + ™> J + Qqpsk^ + ™ ) } (12) 

where "n" denotes an integer, and (l Q ps K , Qqpsk) aro 9 iven bv tne equal' 01 " 18 ( 3 ) and ( 4 ) Wrtn reference to Fig. 15, all 
the signal points correspond to a same amplitude given by the constant n pV In addition, all the distances between the 
neighboring signal points are equal to a same value given by J2p . Furthermore, the signal points are spaced at equal 
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angular intervals. Accordingly, a QPSK modulation-resultant signal is suited for detecting an amplitude distortion and 
a frequency offset 

[0180] As shown In Fig. 16, a quasi synchronous detector in a receiver In the fourth embodiment o! this invention 
includes a QPSK demodulator 29E instead of the QPSK demodulator 29B (see Fig. 4). The QPSK demodulator 29E 
implements demodulation inverse with respect to Lhe modulation by the QPSK modulator 12G. 
[01 81 ] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator 1 2 in the transmitter 
10 (see Fig. 1), or the RF signal outputted from the RF portion 15 in the transmitter 10 is composed of a stream of 
frames each having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first 
symbol results from the QPSK modulation, and the second and later symbols result from the 1 6-value APSK modulation. 
The first symbol in every frame (I hat is, the QPSK symbol in every frame) is used by the receiver 20 (see Fig. 3) as a 
pilot symbol lor estimating an amplitude distortion amount and a frequency offset amount. It should be noted that every 
pilot symbol also carries a part of the main information to be transmitted. 

[0182] In the receiver 20. the calculator 25 separates pilot symbols (first symbols in frames) from the output I and Q 
signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding 
to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. Similarly 
the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF portion 22 
in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The calculator 
26 estimates a frequency offset amount from the separated pilot symbols. 

[0183] Preferably, the maximum amplitude gl provided by the 1 6-value APSK modulation is equal to the amplitude 
■p' provided by the QPSK modulation. In this case, the amplitude distortion amount and the frequency offset amount 
can be accurately estimated. 

[0184] The quasi synchronous detector 29 in the receiver 20 is designed to implement the following processes. The 
quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to the QPSK demodulation 
and outputs the QPSK-demodulation-resultant digital signal when the output I and Q signals of the RF portion 22 
represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 
to the 16-value APSK demodulation and outputs the APSK-demodulation-resultant digital signal when the output I and 
Q signals of the RF portion 22 represent a normal symbol different from a pilot symbol. 

Fifth Embodiment 

[0185] A fifth embodiment of this invention is similar to the second embodiment thereof except for design changes 
indicated hereinafter. 

[0186] As shown in Fig. 17, a modulator (a quadrature baseband modulator) in a transmitter in the fifth embodiment 
of this Invention includes a QPSK modulator 1 2G instead of the QPSK modulator 1 2B (see Fig. 8). The QPSK modulator 
12G implements QPSK modulation providing signal points which are arranged in an l-Q plane as shown in Fig. 15. 
[0187] As shown in Fig. 18, a quasi synchronous detector in a receiver in the fifth embodiment of this invention 
includes a QPSK demodulator 29E instead of the QPSK demodulator 29B (see Fig. 9). The QPSK demodulator 29E 
implements demodulation inverse with respect to the modulation by the QPSK modulator 12G 
[0188] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 1), or the RF signal outputted from the RF portion in the transmitter is composed of a 6tream of frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 2 2m -value QAM. The first symbol in every 
frame (that is, the QPSK symbol in every frame) is used by the receiver as a pilot symbol for estimating an amplitude 
distortion amount and a frequency offset amount. It should be noted that every pilot symbol also carries a part of the 
main information to be transmitted. 

[0189] In the receiver (see Fig. 3), the calculator 25 separates pilot symbols (first symbols in frames) from the output 
I and Q signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corre- 
sponding to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF 
portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The 
calculator 26 estimates a frequency offset amount from the separated pilot symbols. 

[01 90] Preferably, the maximum amplitude provided by the 2 2rn -value QAM. that is, the value given by the expression 
(7), is equal to the amplitude B p" provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0191] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resultant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 
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22 to 2 2m -value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the output I and 
Q signals of the RF portion 22 represent a normal symbol different from a pilot symbol. 

Sixth Embodiment 



[0192] A sixth embodiment of this invention is similar to the fifth embodiment thereof except that 16-value QAM 
replaces 2 2m -value QAM. 

[0193] According to the sixth embodiment of this Invention, a modulator (a quadrature baseband modulator) in a 
transmitter includes a 1 6-value QAM modulator instead of the 2 2m -value QAM modulator 1 2F (see Fig. 1 7). The QAM 
10 modulator implements 16-value QAM providing signal points which are arranged in an l-Q plane as shown in Fig. 1 2. 
According to the sixth embodiment of this invention, a quasi synchronous detector in a receiver includes a 16-value 
QAM demodulator instead of the 2 2m -value QAM demodulator 29D (see Fig. 16). 

[0194] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 1), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 

is having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 16-value QAM. The first symbol in every 
frame (that is, the QPSK symbol in every frame) is used by the receiver as a pilot symbol for estimating an amplitude 
distortion amount and a frequency offset amount. It should be noted that every pilot symbol also carries a part of the 
main information to be transmitted. 

?0 [01 95] In the receiver (6ee Fig. 3), the calculator 25 separates pilot symbols (first symbols in frames) from the output 
I and Q signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corre- 
sponding to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF 
portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The 
calculator 26 estimates a frequency offset amount from the separated pibt symbols. 

[0196] Preferably, the maximum amplitude provided by the 16-value QAM, that is. the value given by the expression 
(1 0), is equal to the amplitude "p" provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0197] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
30 esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resurtant digital signal when the output I and Q signals of the RF portion 
22 represent a pibt symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 
22 to 16-value QAM demodulation and the QAM-demodulation- resultant digital signal when the output I and Q signals 
of the RF portion 22 represent a normal symbol different from a pilot symbol. 



35 [01 98] In general, the inter-signal-point distance a «/2p in the QPSK modulation is equal to a given value times the 
inter-signal-point distance B 2r" in the 16-value QAM. Preferably, the given value is in the range ol 0.90 to 1 50. In this 
case, a sufficiently low bit error rate is prov ided . 

[0199] Tne inter-signal-point distance ■ >/2p " in the QPSK modulation may be equal to twice the inter-signal-point 
distance "2r n in the 16-value QAM. In this case, it is preferable that the quasi synchronous detector in the receiver 
*o detects the l-Q-plane amplitude of the output I and Q signals of the RF portion when the output I and Q signals of the 
RF portion 22 represent a pilot symbol, and that the detected l-Q-plane amplitude is used as an l-Q-plane amplitude 
threshold value for the 16-value QAM demodulation. 

Seventh Embodiment 



[0200] A seventh embodiment of this invention is similar to the first embodiment thereof except tor design changes 
indicated hereinafter. 

[0201] As shown in Fig. 19, a modulator (a quadrature baseband modulator) in a transmitter in the seventh embod- 
iment of this invention includes a 2 2ro -value QAM modulator 12H instead of the 16-value APSK modulator 12A (see 

so Fig. 2). Here, "m" denotes a predetermined integer equal to or greater than "2". 

[0202] As shown in Fig. 20, a quasi synchronous detector in a receiver in the seventh embodiment of this invention 
includes a 2 2m -value QAM demodulator 29F instead of the 16-value APSK demodulator 29A (see Fig. 4). 
[0203] Fig. 21 shows an arrangement of signal points in an l-Q piano which are providod by 2 2m -value QAM executed 
in the QAM modulator 12H. In Fig. 21 , the signal points are denoted by the reference numeral "901 \ The signal points 

ss are assigned to different logic values respectively. The positions of the signal points in Fig. 21 result from rotation of 
the signal points in Fig. 10 through an angle of ti/4 radian about the origin. Specifically, the positions (Iqamr. Qqamr) 
of the signal points In Fig. 21 are given by the following equations. 
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'QAUR = W«*<J + T > 1 " Q QAM< Sin <! + T } } < 13) 



5 Q C»MR = ■qamWJ + if) J + <W«<5 + 5 ) ) , (14) 

where "n" denotes an integer, and (Ic^m> Qqam) are 9 |ven b y tne equations (5) and (6). With reference to Fig. 21, the 
maximum amplitude which corresponds to specified ones of the signal points is equal to the value given by the ex- 
pression (7). ' . 

io [0204] A pair ol the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 1), or the RF signal outputted from the RF portion in the transmitter is composed of a stream ol frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 22 m -value OAM. The first symbol in every 
Iramo (thai is, the QPSK symbol in every Iramo) is used by Iho receiver as a pilot symbol lor estimating an amplitude 

1S distortion amount and a frequency offset amount. It should be noted that every pilot symbol also carries a part of the 
main information to be transmitted. 

[0206] In the receiver (see Fig. 3), the calculator 25 separates pilot symbols (first symbols in frames) from the output 
I and Q signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corre- 
sponding to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
20 Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF 
portion 22 in response to a signal (a frame and.6ymbol sync signal) having a period corresponding to N symbols. The 
calculator 26 estimates a frequency offset amount from the separated pilot symbols. 

[0206] Preferably, the maximum amplitude provided by the 2 2m -value QAM. that is, the value given by the expression 
(7), is equal to the amplitude "p" provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0207] Tne quasi synchronous detector 2d in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resultant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 
30 22 to 2 2m -value QAM demodulation and outputs the QAM -demodulation-resultant digital signal when the output I and 
Q signals of the RF portion 22 represent a normal symbol different from a pilot symbol. 

Eighth Embodiment 

J5 [0208] An eighth embodiment of this invention is similar to the seventh embodiment thereof except that 16-value 
QAM replaces 2 2m -value QAM. 

[0209] According to the eighth embodiment of this invention, a modulator (a quadrature baseband modulator) in a 
transmitter includes a 1 6-value QAM modulator instead of the 2 2m -value QAM modulator 1 2H (see Fig. 1 9). In addition, 
a quasi synchronous detector in a receiver includes a 16-value QAM demodulator instead of the 2 em -value QAM de- 

40 modulator 29F (see Fig. 20). 

[0210] Fig. 22 shows an arrangement of signal points in an l-Q plane which are provided by 16-value QAM executed 
in the 16-value QAM modulator. In Fig. 22, the signal points are denoted by the reference numeral" 1001 V The signal 
points are assigned to different logic values respectively. The positions of the signal points in Fig. 22 result from rotation 
of the signal points in Fig. 12 through an angle of it/ 4 radian about the origin. Specifically, the positions d $qamr» 

45 q i6qamr) °' tne signal points in Fig. 22 are given by the following equations. 

'i6qamr = I,6«m{«»(S * T> } ■ Q -sQA M ^in(5 + if) } (15) 

QieQA M R = l 16 Q A M {8Nf +T )J+Q 1«GAM< 0O6( ! + f ) } (16) 

where "n B denotes an integer, and (I^qam* q i€QAm) are Qiven by the equations (8) and (9). With reference to Fig. 22, 
the maximum amplitude which corresponds to specified ones of the signal points is equaJ to the value given by the 
55 expression (10). In addition, the distances between the neighboring signal points are equal to a same value given by 
■2r'. 

[0211] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
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(see Fig. 1), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 1 6-value QAM. The first symbol in every 
frame (thai is, the QPSK symbol in every frame) is used by the receiver as a pilot symbol for estimating an amplitude 
5 distortion amount and a frequency offset amount. II should be noted that every pilot symbol also carries a part of the 
main information to be transmitted. 

[0212] In the receiver (see Fig. 3), the calculator 25 separates pilot symbols (first symbols in frames) from the output 
I and Q signals of the RF portion 22 in response to a 6ignal (a frame and symbol sync signal) having a period corre- 
sponding to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
to Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF 
portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The 
calculator 26 estimates a frequency offset amount from the separated pi tot symbols. 

[0213] Preferably, the maximum amplitude provided by the 16-value QAM, that is, the value given by the expression 
(10), is equal to the amplitude "p" provided by the QPSK modulation. In this case, the amplitude distortion amount and 

is the frequency offset amount can be accurately estimated. 

[0214] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resurtant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 

£0 22 to 1 6-value QAM demodulation and the QAM-demodulat ion-resultant digital signal when the output I and Q signals 
of the RF portion 22 represent a normal symbol diffe rent f rom a pilot symbol. 



[0215] In general, the inter- signal -point distance " V2p " in the QPSK modulation is equal to a given value times the 
inter-signal-point distance "2r" in the 1 6-value QAM. Preferably, the given value is in the range of 0.90 to 1.50. In this 
case, a sufficiently low bit error rate is pro vided . 

[0216] The inter-signal-point distance ' J2p " in the QPSK modulation may be equal to * J2 " times the inter-signal- 
point distance n 2r N in the 1 6-value QAM. In this case, it is preferable that the quasi synchronous detector in the receiver 
detects the l-Q-plane amplitude of the output I and Q signals of the RF portion when the output I and Q signals of the 
RF portion 22 represent a pilot symbol, and that the detected l-Q-plane amplitude is used as an l-Q-plane amplitude 
threshold value for the 1 6-value QAM demodulation. 



Ninth Embodiment 

[0217] A ninth embodiment of this invention is similar to the seventh embodiment thereof except for design changes 
indicated hereinafter. 

35 [021 8] As shown in Fig. 23, a modulator (a quadrature baseband modulator) in a transmitter in the ninth embodiment 
of this invention includes a QPSK modulator 12G instead of the QPSK modulator 12B (see Fig. 19). The QPSK mod- 
ulator 1 2G implements QPSK modulation providing signal points which are arranged in an I O plane as shown in Fig. 1 5. 
[0219] As shown in Fig. 24, a quasi synchronous detector in a receiver in the ninth embodiment of this invention 
includes a QPSK demodulator 29E instead of the QPSK demodulator 29B (see Fig. 20). The QPSK demodulator 29E 

to implements demodulation inverse with respect to the modulation by the QPSK modulator 12G. 

[0220] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 1). or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 22 m -value QAM. The first symbol in every 

45 frame (that is, the QPSK symbol in every frame) is used by the receiver as a pilot symbol lor estimating an amplitude 
distortion amount and a frequency offset amount. It should be noted that every pilot symbol also carries a part of the 
main information to be transmitted. 

[0221] in the receiver (see Fig. 3), the calculator 25 separates pilot symbols (first symbols in frames) from the output 
I and Q signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corre- 
so sponding to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF 
portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The 
calculator 26 oslimalos a frequency offset amount from the separated pilot symbols. 

[0222] Preferably, the maximum amplitude provided by the 2 2rn -value QAM, that is, the value given by the expression 
55 (7), is equal to the amplitude "p* provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0223] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous dotoclor 29 subjects the oulpul I and Q signals of Iho RF portion 22 to QPSK demod- 
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ulatbn and outputs the QPSK-demodulation-resultant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The qua6i synchronous detector 29 subjects the output I and Q signals of the RF portion 
22 to 2 2m -value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the output I and 
Q signals of the RF portion 22 represent a normal symbol different from a pilot symbol. 

Tenth Embodiment 

[0224] A tenth embodiment of this invention is similar to the ninth embodiment thereof except that 16-value QAM 
replaces 2 2fn -value QAM. 

10 [0225] According to the tenth embodiment of this invention, a modulator (a quadrature baseband modulator) in a 
transmitter includes a 1 6-value QAM modulator instead of the 2 2m -value QAM modulator 1 2H (see Fig. 23). The 1 6-val- 
ue QAM modulator implements 16-value QAM providing signal points which are arranged in an I -Q plane as shown in 
Fig. 22. According to the tenth embodiment ol this invention, a quasi synchronous detector in a receiver includes a 
16-value QAM demodulator instead of the 2 2nn - value QAM demodulator 29F (see Fig. 24). The 16-value QAM demod- 

1S ulator implements demodulation inverse with respect to the modulation by the 16-value QAM modulator. 

[0226] A pair ol the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 1), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 
having N successive symbols. Here, N denotes a predetermined natural number, in every frame, the first symbol results 
from the QP5K modulation, and the second and later symbols result from the 1 6-value QAM. The first symbol in every 

£0 frame (that is, the QPSK symbol in every frame) is used by the receiver as a pilot symbol for estimating an amplitude 
distortion amount and a frequency offset amount. It should be noted that every pilot symbol also carries a part of the 
main information to be transmitted. 

[0227] In the receiver (see Fig. 3}, the calculator 25 separates pilot symbols (first symbols in frames) from the output 
I and Q signals of the RF portion 22 in response to a signal (a frame and symbol sync signal) having a period corre- 
25 spending to N symbols. The calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. 
Similarly, the calculator 26 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF 
portion 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The 
calculator 26 estimates a frequency offset amount from the separated pilot symbols. 

[0228] Preferably, the maximum amplitude provided by the 16-value QAM, that is. the value given by the expression 
30 (10), is equal to the amplitude *p" provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0229] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resultant digital signal when the output I and Q signals of the RF portion 
35 22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 
22 to 1 6-value QAM demodulation and the QAM-demodulation-resultant digital signal when the output I and Q signals 
of the RF portion 22 represent a normal symbol diffe rent f rom a pilot symbol. 

[0230] In general, the inter-signal-point distance " J2p" in the QPSK modulation is equal to a given value times the 
inter-signal-point distance "2r" in the 16-value QAM. Preferably, the given value is in the range of 0.90 to 1.50. In this 

40 case, a sufficiently low bit error rate is provided. 

[0231] The inter-signal-point distance B J2p" in the QPSK modulation may be equal to twice the inter-signal -point 
distance a 2r H in the 16-value QAM. In this case, it is preferable that the quasi synchronous detector in the receiver 
detects the l<3-plane amplitude of the output I and Q signals of the RF portion when the output I and Q signals of the 
RF portion 22 represent a pilot symbol, and that the detected l-Q-plane amplitude is used as an l-Q-plane amplitude 

*s threshold value for the 16-value QAM demodulation. 

Eleventh Embodiment 

[0232] An eleventh embodiment of this invention is similar to the third embodiment thereof except tor design changes 
so indicated hereinafter. 

[0233] With reference to Fig. 25, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator in the transmitter (see Fig. 1 ), or the RF signal outputted from the RF portion in the transmitter is composed 
of a stream of frames each having N successive symbols. Hero, N denotes a predetermined natural number. In every 
frame, first alternate symbols result from the QPSK modulation, and second alternate symbols result from the 16-value 
ss QAM. The QPSK symbols in every frame are used by the receiver as pilot symbols for estimating an amplitude distortion 
amount and a frequency offset amount. It should be noted that every pilot symbol also carries a part ol the main 
information to be transmitted. 

[0234] In the receiver (see Fig. 3), the calculator 25 separates pilot symbols from the outpul I and Q signals of the 
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RF portion 22 in response to a signal (a 2-symbol sync signal) having a period corresponding to two symbols. The 
calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. Similarly, the calculator 26 
separates pilot symbols Irom the output I and Q signals of the RF portion 22 in response to a signal (a 2-symbol sync 
signal) having a period corresponding to 2 symbols. The calculator 26 estimates a frequency offset amount from the 
5 separated pilot symbols. 

[0236] Preferably, the maximum amplitude provided by the 16-value QAM. that is, the value given by the expression 
(10), is equal to the amplitude "p* provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0236] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
io esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resuftant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 
22 to 16-value QAM demodulation and the QAM-demodulation-resultant digital signal when the output I and Q signals 
of the RF portion 22 represent a normal symbol diffe rent f rom a pilot symbol. 
f5 [0237] In general, the inter-signal-point distance " *j2p ~' in the QPSK modulation is equal to a given value time6 the 
inter-signal-point distance "2r" in the 1 6-value QAM. Preferably, the given value is in the range of 0.90 to 1 .50. In this 
case, a sufficiently low bit error rate is provided. 

[0238] With reference to Fig. 26, in the case where the inter-signal-point distance " 72p " in the QPSK modulation 
is equal to 1 .20 times the inter-signal-point distance "2r H in the 1 6-value QAM, the bit error rate provided in the em- 
£0 bodiment of this invention decreases along the curve AO as the carrier-to-noise power ratio C/N increases. Fig. 26 also 
indicates a comparative example being the relation B0 between the bit error rate and the carrier-to-noise power ratio 
C/N which occurs in a prior-art 6PSK (6 or octonary phase shift keying) system. As shown in Fig. 26, the bit error rate 
(the curve AO) provided in the embodiment of th is invention is better than that in the prior-art 8PSK system. 



[0239] The inter-signal-point distance ■ v2p in the QPSK modulation may be equal to twice the inter-signal-point 
25 distance °2r" in the 16-value QAM. In this case, it is preferable that the quasi synchronous detector in the receiver 
detects the l-Q-plane amplitude of the output I and Q signals of the RF portion when the output I and Q signals of the 
RF portion 22 represent a pilot symbol, and that the detected l-Q-plane amplitude is used as an l-Q-plane amplitude 
threshold value for the 1 6-value QAM demodulation. 

00 Twelfth Embodiment 

[0240] A twelfth embodiment of this invention is similar to the sixth embodiment thereof except for design changes 
indicated hereinafter. 

[0241] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
os (see Fig. 1 ), or the RF signal outputted from the RF portion in the transmitter is composed of a stream o1 frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, first alternate symbols 
result from the QPSK modulation, and 6econd alternate symbols result from the 16-value QAM. The QPSK symbols 
in every Irame are used by the receiver as pilot symbols for estimating an amplitude distortion amount and a frequency 
offset amount. It should be noted that every pilot symbol also carries a part of the main information to be transmitted. 
40 [0242] In the receiver (see Fig. 3), the calculator 25 separates pilot symbols from the output I and Q signals of the 
RF portion 22 in response to a signal (a 2-symbol sync signal) having a period corresponding to two symbols. The 
calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. Similarly, the calculator 26 
separates pilot symbols from the output I and Q signals of the RF portion 22 in response to a signal (a 2-symbol sync 
signal) having a period corresponding to 2 symbols. The calculator 26 estimates a frequency offset amount from the 
45 separated pilot symbols. 

[0243] Preferably, the maximum amplitude provided by the 16-value QAM, that is, the value given by the expression 
(10), is equal to the amplitude "p" provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can bo accurately estimated. 
, [0244] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
so esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resuftant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 
22 to 16-value QAM demodulation and (ho QAM-domodulalion-rosultanl digilal signal when the output I and Q signals 
of the RF portion 22 represent a normal symbol diffe rent f rom a pilot symbol. 



55 [0245] In general, the inter-signal -point distance " -/2p " in the QPSK modulation is equal to a given value times the 
inter-signal-point distance "2r" in the 16-value QAM. Preferably, the given value is in the range of 0.90 to 1.50. In this 
case, a sufficiently low bit error rate is provided. 

[0246] With reference to Fig. 27, in the case whore the inler-signal-poinl distance ■ J2p " in the QPSK modulation 
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is equal to 1.20 times the inter-signal -point distance '2r* in the 16-value QAM, the bit error rate provided in the em- 
bodiment of this invention decreases along the curve A1 as the carrier-to-noise power ratio C/N increases. Fig. 27 also 
indicates a comparative example being the relation B1 between the bit error rate and the carrier-to-noise power ratio 
C/N which occurs in a prior-art 8PSK (8 or octonary phase shift keying) system. A6 shown in Fig. 27, the bit error rate 

5 (ihe curve A1) provided in the embodiment of this invention is belter lhan thai in the prior-art 8PSK system. 

[0247] The inter-signal-point distance ■ J2p " in the QPSK modulation may be equal to ■ Jz " times the inter-signal- 
point distance "2r" in the 1 6-value QAM. In this case, it is preferable that the quasi synchronous detector in the receiver 
detects the IO-plane amplitude ot the output I and Q signals of the RF portion when the output I and Q signals of the 
RF portion 22 represent a pilot symbol, and that the detected I-Q-plane amplitude is used as an l-Q-plane amplitude 

io threshold value for the 1 6-value QAM demodulation. 

Thirteenth Embodiment 

[0246] A thirteenth embodiment of this invention is similar to the eighth embodiment thereof except for design chang- 
es e6 indicated hereinafter. 

[0249] A pair of the I signal and the Q signal out put ted from the quadrature baseband modulator In the transmitter 
(see Fig. 1), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, first alternate symbols 
result from the QPSK modulation, and second alternate symbols result from the 16-value QAM. The QPSK symbols 
20 in every frame are used by the receiver as pilot symbols for estimating an amplitude distortion amount and a frequency 
offset amount It should be noted that every pilot symbol also carries a part of the main information to be transmitted. 
[0250] . In the receiver (see Fig. 3), the calculator 25 separates pilot symbols from the output I and Q signals of the 
RF portion 22 in response to a signal (a 2-symbol sync signal) having a period corresponding to two symbols. The 
calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. Similarly, the calculator 26 
zs separates pilot symbols from the output I and Q signals of the RF portion 22 in response to a signal (a 2-symbol sync 
signal) having a period corresponding to 2 symbols. The calculator 26 estimates a frequency offset amount from the 
separated pilot symbols. 

[0261] Preferably, the maximum amplitude provided by the 16-value QAM, that is, the value given by the expression 
(10), is equal to the amplitude V provided by the QPSK modulation. In this case, the amplitude distortion amount and 

30 the frequency offset amount can be accurately estimated. 

[0252] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
ulation and outputs the QPSK-demodulation-resultant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 

35 22 to 1 6-value QAM demodulation and the QAM-demodulat ion- resultant digital signal when the output I and Q signals 
of the RF portion 22 represent a normal symbol different from a pilot symbol. 



[0253] In general, the inter-signal-point distance " -/2p" in the QPSK modulation is equal to a given value times the 
inter-signal-point distance "2r" in the 16-value QAM. Preferably, the given value is in the range ot 0.90 to 1.50. In this 
case, a sufficiently low bit error rate is provided. 

40 [0254] With reference to Fig. 23, in the case where the inter-signal-point distance * </2p ■ in the QPSK modulation 
Is equal to 1.20 times the Inter-signal-point distance "2r" in the 16-value QAM, the bit error rate provided in the em- 
bodiment of this invention decreases along the curve A2 as the carrier-to-noiee power ratio C/N increases. Fig. 26 also 
indicates a comparative example being the relation B2 between the bit error rate and the carrier-to-noise power ratio 
C/N which occurs in a prior-art 8PSK (6 or octonary phase shift keying) system. As shown in Fig. 28, the bit error rate 

45 (the curve A2) provided in the embodimen t of t his invention is better than that in the prior -art 8PSK system. 

[0255] The inter-signal-point distance B */2p " in the QPSK modulation may be equal to ■ Jz ■ times the inter-signal- 
point distance "2r" in the 16-value QAM. In this case, it is preferable that the quasi synchronous detector in the receiver 
detects the l-Q-plano amplitude of the output I and Q signals of (ho RF portion whon Iho output I and Q signals of the 
RF portion 22 represent a pilot symbol, and that the detected I-Q-plane amplitude is used as an I-Q-plane amplitude 

so threshold value for the 16-value QAM demodulation. 

Fourteenth Embodiment 

[0256] A fourteenth embodiment of this invention is similar to the tenth embodiment thereof except for design changes 
ss indicated hereinafter. 

[0257] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 1), or the RF signal outputted from the RF portion In the transmitter is composed of a stream of frames each 
having N successive symbols. Horo, N denotes a predetermined nalural number. In every frame, first alternate symbols 
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result Irom the QPSK modulation, and second alternate symbols result from the 16-value QAM. The QPSK symbols 
in every frame are used by the receiver as pilot symbols for estimating an amplitude distortion amount and a frequency 
offset amount It should be noted that every pilot symbol also carries a part of the main information to be transmitted. 
[0258] In the receiver (see Fig. 3), the calculator 25 separates pilot symbols from the output I and Q signals of the 
5 RF portion 22 in response to a 6ignal (a 2-symbol 6ync signal) having a period corresponding to two symbols. The 
calculator 25 estimates an amplitude distortion amount from the separated pilot symbols. Similarly, the calculator 26 
separates pilot symbols from the output I and Q signals of the RF portion 22 in response to a signal (a 2-symbol sync 
signal) having a period corresponding to 2 symbols. The calculator 26 estimates a frequency offset amount Irom the 
separated pilot symbols. 

to [0259] Preferably, the maximum amplitude provided by the 16-value QAM, that is, the value given by the expression 
(10), is equaltothe amplitude "p" provided by the QPSK modulation. In this case, the amplitude distortion amount and 
the frequency offset amount can be accurately estimated. 

[0260] The quasi synchronous detector 29 in the receiver (see Fig. 3) is designed to Implement the following proc- 
esses. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 22 to QPSK demod- 
is ulation and outputs the QPSK-demodulation-resurlant digital signal when the output I and Q signals of the RF portion 
22 represent a pilot symbol. The quasi synchronous detector 29 subjects the output I and Q signals of the RF portion 
22 to 16-value QAM demodulation and the QAM-demodulat ion- resultant digital signal when the output I and Q signals 
of the RF portion 22 represent a normal symbol differ ent f rom a pilot symbol. 

[0261] In general, the Inter-signal -point distance " J2p " in the QPSK modulation is equal to a given value times the 
20 inter-signal-point distance *2r" in the 16-value QAM. Preferably, the given value is in the range ol 0.90 to 1.50. In this 
case, a sufficiently low bit error rate is provided. 

[0262] With reference to Fig. 29, in the case where the inter-signal-point distance " J2p n in the QPSK modulation 
is equal to 1.20 times the inter-signal-point distance B 2r" in the 16-value QAM, the bit error rate provided in the em- 
bodiment of this invention decreases along the curve A3 as the carrier-to-noise power ratio C/N Increases. Fig. 29 also 

2S indicates a comparative example being the relation B3 between the bit error rate and the carrier-to-noise power ratio 
C/N which occurs in a prior-art 8PSK (6 or octonary phase shift keying) system. As shown in Fig. 29, the bit error rate 
(the curve A3) provided in the embodiment of th is invention is better than that in the prior-art 8PSK system. 
[0263] The inter-signal-point distance ■ V2p " in the QPSK modulation may be equal to twice the inter-signal-point 
distance m 2r a in the 16-value QAM. In this case, it is preferable that the quasi synchronous detector In the receiver 

30 detects the l-Q-plane amplitude of the output I and Q signals of the RF portion when the output I and Q signals of the 
RF portion 22 represent a pilot symbol, and that the detected l-Q-plane amplitude is used as an l-Q-plane amplitude 
threshold value for the 16-value QAM demodulation. 

Fifteenth Embodiment 



[0264] Fig. 30 shows a transmitter 110 in a radio communication system according to a fifteenth embodiment of this 
invention. With reference to Fig. 30, the transmitter 110 includes a modulator (a quadrature baseband modulator) 112 
and an RF (radio frequency) portion 115. 

[0266] A digital signal to be transmitted (that is. an input digital signal or main information to be transmitted) is fed 
40 to the quadrature baseband modulator 112. The device 112 subjects the input digital signal to quadrature baseband 
modulation, thereby converting the input digital signaJ into a pair of mod ulation -resultant baseband signals, that Is, a 
baseband I (in-phase) signal and a baseband Q (quadrature) signal. The quadrature baseband modulator 112 outputs 
the baseband I signal and the baseband Q signal to the RF portion 115. 

[0266] The RF portion 115 converts the baseband I signal and the baseband Q signal into an RF signal through 
« frequency conversion. The RF portion 115 Leeds the RF signal to an antenna 117. The RF signal is radiated by the 
antenna 117. 

[0267] As shown in Fig. 31, the quadrature baseband modulator 112 includes a 8PSK (3 or octonary phase shift 
keying) modulator 11 2A, a BPSK (binary phase shift keying) modulator 11 2B, a roferonco signal gonoralor 11 2C, and 
switches 11 2D and 11 2E. 

so [0268] The BPSK modulator 112A and the BPSK modulator 112B receives the input digital signal. The device 11 2A 
subjects the Input digital signal to 8PSK (8PSK modulation), thereby converting the input digital signal into a pair of a 
baseband I signaJ and a baseband Q signal. The 8PSK modulator 11 2A outputs the baseband I signaJ to the switch 
112D. Tho 3PSK modulator 112A outputs the baseband Q signal to the switch 112E. The device 112B subjects the 
input digital signal to BPSK (BPSK modulation), thereby converting the input digital signal into a pair of a baseband I 

55 signal and a baseband Q signal. The BPSK modulator 11 2B outputs the baseband I signal to the switch 112D. The 
BPSK modulator 1 1 2B outputs the baseband Q signal to the switch 1 1 2E. The reference signal generator 1 1 2C outputs 
a reference baseband I signal to the switch 112D. The reference signal generator 112C outputs a reference baseband 
Q signal to the switch 1 1 2E. Tho output I and Q signals from the reference signal gonoralor 11 2C are used in acquiring 
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synchronization between the transmitter 110 and a receiver during an initial stage of signal transmission. The switch 
11 2D selects one of the output I signal from the 6PSK modulator 11 2A, the output I signal from the BPSK modulator 
112B. and the output I signal from the reference signal generator 11 2C, and transmits the selected I signal to the RF 
portion 115. The switch 112E selects one of the output Q signal from the 8PSK modulator 112A, the output Q signal 
5 from Ihe BPSK modulator 112B, and Ihe output Q signal from the reference signal generator 11 2C, and transmits the 
selected Q signal to the RF portion 115. 

[0269] During an initial stage of signal transmission, the switch 11 2D selects the output I signal from the reference 
signal generator 112C while the switch 112D selects the output Q signal from the reference signal generator 112C. 
During an interval of time which follows the initial stage, the switch 11 2D alternately selects the output I signal from 
io ihe 8PSK modulator 112A and the output I signal from the BPSK modulator 112B at a predetermined period, and 
transmits the selected I signal to the RF portion 1 1 5. During the time interval following the initial stage, the switch 11 2E 
alternately selects the output Q signal from the 8PSK modulator 11 2A and the output Q signal from the BPSK modulator 
1 1 2B at the predetermined period, and transmits the selected Q signal to the RF portion 1 1 5. 

[0270] Accordingly, with respect to the input digital signal, the quadrature baseband modulator 112 alternately im- 
is plements the 8PSK modulation and the BPSK modulation at the predetermined period. 

[0271] In the quadrature baseband modulator 112, the output I and Q signals from Ihe BPSK modulator 11 2B are 
fed to the 6PSK modulator 11 2A The 8PSK modulation implemented by the device 112A depends on the output I and 
Q signals from the BPSK modulator 112B. 

[0272] Fig. 32 shows a receiver 120 in the radio communication system according to the fifteenth embodiment of 
20 this invention. With reference to Fig. 32, the receiver 1 20 includes an RF portion 1 22, calculators 1 25 and 1 26, and a 
quasi synchronous detector 129. 

[0273] An RF signal caught by an antenna 121 is applied to the RF portion 122. The RF portion 122 subjects the 
applied RF signal to frequency conversion, thereby converting the applied RF signal into a pair of a baseband I signal 
and a baseband Q signal. The RF portion 122 outputs the baseband I signal and the baseband Q signal tothe calculators 

25 125 and 126, and the quasi synchronous detector 129. 

[0274] The calculator 125 estimates an amplitude distortion amount from the baseband I signal and the baseband 
Q signal. The calculator 125 inlorms the quasi synchronous detector 1 29 of the estimated amplitude distortion amount. 
The calculator 126 estimates a frequency offset amount from the baseband I signal and the baseband Q signal. The 
calculator 1 26 informs the quasi synchronous detector 129 of the estimated frequency offset amount. 

oo [027S] The device 129 subjects the baseband I signal and the baseband Q signal to quasi synchronous detection 
responsive to the estimated amplitude distortion amount and the estimated frequency offset amount, thereby demod- 
ulating the baseband I signal and the baseband Q signal into an original digital signal. Thu6, the quasi synchronous 
detector 129 recovers the original digital signal from the baseband I signal and the baseband Q signal. The quasi 
synchronous detector 129 outputs the recovered original digital signal. 

05 [0276] As shown in Fig. 33, the quasi synchronous detector 129 includes an 8PSK demodulator 129A, a BPSK 
demodulator 129B, and a switch 129C. 

[0277] The BPSK demodulator 129A and the BPSK demodulator 1 29B receive the output I and Q signals from the 
RF portion 1 22. In addition, the 8PSK demodulator 1 29A and the BPSK demodulator 1 29B are informed of the estimated 
amplitude distortion amount and the estimated frequency offset amount by the calculators 125 and 126. 

40 [0278] The device 1 29A subjects the baseband I signal and the baseband Q signal to 6PSK demodulation responsive 
to the estimated amplitude distortion amount and the estimated frequency offset amount, thereby demodulating the 
baseband I signal and the baseband Q signal into an original digital signal. Thus, the 6PSK demodulator 129A recovers 
the original digital signal from the baseband I signal and the baseband Q signal. The 8PSK demodulator 1 29A outputs 
the recovered original digital signal to the switch 129C. 

45 [0279] The device 1 29B subjects the baseband I signal and the baseband Q signal to BPSK demodulation responsive 
to the estimated amplitude distortion amount and the estimated frequency offset amount, thereby demodulating the 
baseband I signal and the baseband Q signal into an original digital signal. Thus, the BPSK demodulator 1 29B recovers 
the original digital signal Irom the baseband I signal and the baseband Q signal. The BPSK demodulator 129B outputs 
the recovered original digital signal to the switch 129C. 

so [0280] The switch 1 29C alternately selects the output digital signal from the 8PSK demodulator 1 29A and the output 
digital signal from the BPSK demodulator 129B in response to a timing signal (a frame and symbol sync signal), and 
transmits the selected digital signal to a later stage. When the baseband I and Q signals outputted from the RF portion 
122 to the quasi synchronous detector 129 correspond to a resull of the 6PSK modulation, the switch 129C selects 
the output digital signal from the 8PSK demodulator 1 29A. When the baseband I and Q signals outputted from the RF 

ss portion 122 to the quasi synchronous detector 129 correspond to a result of the BPSK modulation, the switch 129C 
selects the output digital signal from the BPSK demodulator 1 29B. 

[0281] For example, the 6PSK demodulator 1 29A includes an amplitude correction circuit and a frequency correction 
circuit. The amplilude correction circuit compensates for an amplitude distortion of Ihe baseband I signal and the base- 
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band Q signal in response to the estimated amplitude distortion, thereby generating a first compensation-resultant 
baseband I signal and a first compensation-resultant baseband Q signal. The frequency correction circuit compensates 
for a frequency offset of the first compensation -resultant baseband I signal and the first com pen sat ion -result ant base- 
band Q signal in response to the estimated frequency offset amount, thereby generating a second compensation- 
5 resullant baseband I Bignal and a second compensation- resultant baseband Q signal. In the 8PSK demodulator 1 29A, 
the second compensation-resultant baseband I signal and the second compensation -resultant baseband Q signal are 
subjected to the 3PSK demodulation, being converted into the original digital signal. 

[0282] For example, the BPSK demodulator 1 29B includes an amplitude correction circuit and a frequency correction 
circuit. The amplitude correction circuit compensates for an amplitude distortion of the baseband I signal and the base- 

io band Q signal in response to the estimated amplitude distortion, thereby generating a first compensation -resultant 
baseband I signal and a first compensation-resultant baseband Q signal. The frequency correction circuit compensates 
for a frequency offset of the first compensation-resultant baseband I signal and the first compensation-resultant base- 
band Q signal in response to the estimated frequency offset amount, thereby generating a second compensatlon- 
resultant baseband I signal and a second compensation -resultant baseband Q signal, in the BPSK demodulator 129B, 

is the second compensation-resultant baseband I signal and the second compensation -resultant baseband Q signal are 
subjected to the BPSK demodulation, being converted into the original digital signal. 

[0283] Fig. 34 shows an arrangement of 6 signal points in an l-Q plane which are provided by the 8PSK modulation. 
In Fig. 34, the B signal points are denoted by the reference numeral "101 A". The B signal points are assigned to 6 
different levels (8 different logic states) respectively. The positions (Ispsk* q 8PSk) of the 8 signal points are given by 
20 the following equations. 

l BPSK = p.cos(^) (17) 

Q 8PSK = p.sin(^) (18) 
where "k" denotes a variable integer, and "p" denotes a predetermined constant. 

[0284] Fig. 35 shows an arrangement of two signal points in an l-Q plane which are provided by the BPSK modulation. 
In Fig. 35, the signal points are denoted by the reference numeral '201 A*. The positions (l BP5K , Qbpsk) °* tne signal 
points are given by the following equations. 
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■bpsk =<rcos(kiO 09) 



Q BPSK = C T sin ( k7t > ( 2 °) 

whore 'V donotos a variable integer, and n q" denotes a predetermined constant. With reference to Fig. 35, the signal 
points are on the I axis, and correspond to a same amplitude given by the constant M q'. In addition, the signal points 
are spaced at an angle of it radian. Accordingly a BPSK modulation-resultant signal is suited for detecting an amplitude 
distortion and a frequency offset. 

[0285] With reference to Fig. 36, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator 112 in the transmitter 110, or the RF signal outputted Irom the RF portion 115 in the transmitter 110 is 
composed of a stream of frames each having N successive symbols. Here, N denotes a predetermined natural number. 
In every frame, the first symbol results from the BPSK modulation, and the second and later symbols result from the 
BPSK modulation. The first symbol in every frame (that is, the BPSK symbol in every frame) is used by the receiver 
1 20 as a pilot symbol for estimating an amplitude distortion amount and a frequency offset amount. It should be noted 
that every pilot symbol also carries a part of the main information to be transmitted. 
50 [0286] In the receiver 1 20. the calculator 1 25 separates pilot symbols (first symbols in frames) from the output I and 
Q signals of the RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding 
to N symbols. The calculator 1 25 estimates an amplitude distortion amount from the separated pilot symbols. Similarly 
the calculator 126 separates pilot symbols (first symbols in frames) from the output I and Q signals of the RF portion 
1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N symbols. The calculator 
1 26 estimates a frequency offset amount from the separated pilot symbols. 

[0287] The quasi synchronous detector 129 in the receiver 120 is designed to implement the following processes. 
The quasi synchronous detector 129 subjects the output I and Q signals o1 the RF portion 122 to the BPSK demodulation 
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and outputs the BPSK-demodulation-resultant digital signal when the output I and Q signals of the RF portion 122 
. represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 
122 to the SPSK demodulation and outputs the 8PSK -demodulation- result ant digital signal when the output I and Q 
6ignals of the RF portion 122 represent a normal symbol different from a pilot symbol. 
5 [0268] The BPSK modulator 112B in the quadrature baseband modulator 112 of the transmitter 110 is designed to 
implement processes indicated below. The phase o! an i-th BPSK symbol in the l-Q plane is denoted by and the 
phase of an (i+1)-th BPSK symbol in the l-Q plane is denoted by The BPSK modulator 112B determines the 

phase "e^-," of the (i+1)-th BPSK symbol in an x-y plane on the basis of the difference between the phases "$," and 
■<t>Ki " according to the following equation. 



The BPSK modulator 112B implements BPSK modulation providing two signal points which are respectively on the 
1S positive side and the negative side of the x axis in the x-y plane as shown in Fig. 37. The BPSK modulator 11 2B assigns 
a bit of "0" and a bit of w 1 " in the input digital signal to the positive signal point and the negative signal point, respectively 
Accordingly, a bit of "0" corresponds to the absence of a phase change of n radian between two successively symbols 
while a bit of M " corresponds to the presence of a phase change of k radian between two successively symbols as in 
differential phase shift keying (DPSK). The BPSK modulator 11 2B outputs a pair of modulation-resultant I and Q signals 
20 to the switches 11 2D and 112E. The BPSK modulator 11 2B includes a latch or a register for sampling and holding a 
pair of modulation-resultant I and Q signals which are selected by Iho switches 112D and 112E. The modulation- 
resultant I and Q signals held by the latch or the register are periodically updated. The BPSK modulator 11 2B outputs 
a pair of held modulation- resultant I and Q signals to the BPSK modulator 11 2 A. 

[0289] As previously indicated, the BPSK modulation implemented by the BPSK modulator 11 2A provides 8 different 
25 signal points to which 8 different logic states are assigned respectively. For symbols following a BPSK symbol in every 
frame, the 3PSK modulator 11 2A determines the assignment of the logic slateG to the signal points on the basis of the 
signal point used by the BPSK symbol. The signal point used by the BPSK symbol is represented by a pair of BPSK- 
modulation-resultant I and Q signals ted Irom the BPSK modulator 112B. In the case where a signal point 501 on the 
positive side ot the I axis is used by a BPSK symbol, the 8PSK modulator 112A assigns 3-bit sets of "000", "001 
00 "010", "01 1", "100", "101", "110", and "111" in the input digital signal to eight signal points 502 for following symbols as 
shown in Fig. 38. In the case where a signal point 501 on the negative side of the I axis is used by a BPSK symbol, 
the 8PSK modulator 112A assigns 3-bit sets of "000", "001", "010\ "011", "100", "101°, "110", and "111" in the input 
digital signal to eight signal points 502 for following symbols as shown in Fig. 39. 

35 Sixteenth Embodiment 

[0290] A sixteenth embodiment of this invention is similar to the fifteenth embodiment thereof except lor design 
changes indicated hereinafter. 

[0291] As shown in Fig. 40, a modulator (a quadrature baseband modulator) in a transmitter in the sixteenth embod- 
40 iment of this invention includes a 2 2m -value QAM (quadrature amplitude modulation) modulator 112F instead of the 
BPSK modulator 11 2A (see Fig. 31). Here, "m" denotes a predetermined integer equal to or greater than "2". 
[0292] As shown in Fig. 41 , a quasi synchronous detector in a receiver in the sixteenth embodiment of this invention 
includes a 2^-value QAM demodulator 12gD instead of the BPSK demodulalor 129A (see Fig. 33). The 22 m -value 
QAM demodulator 129D implements demodulation inverse with respect to the modulation by the QAM modulator 11 2F 
45 [0293] Fig. 42 shows an arrangement ot signal points in an l-Q plane which are provided by 2 2nn -value QAM executed 
in the QAM modulator 112F. In Fig. 42, the signal points are denoted by the reference numeral "601 A". The signal 
points are assigned to different values (different logic states) respectively. The positions (Iqam. q qam) °f ^ e signal 
points are given by the following equations. 
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(21) 



so 



r(2 m °a1 + 2 m * 2 a2 +- + 2°am) 



QAM 



(22) 



'QAM 



rfc-Vl +2 m * 2 b2 + ~ + 2°bm) 



(23) 



£5 



where "m" denotes a predetermined integer equal to or greater than "2"; (a1, b1), (a2, b2), — , (am. bm) are binary 
code words of "1 " and "-1"; and V denotes a predetermined constant 
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[0294] An example of the 2 2m -value QAM executed in the QAM modulator 112F is 16-value QAM. Fig. 43 shows an 
arrangement of signal points in an l-Q plane which are provided by the 16-value QAM. In Fig. 43, the signal points are 
denoted by the reference numeral "701V The signal points are assigned to different values (diflerent logic states) 
respectively. The positions (I 16 qam. q isqam) o! tne signal points are given by the following equations. 

5 

l l6QAM = s(2 1 a1 + 2°a2) (24) 

10 Q 16QAM = s(2 n b1 +2°b2) (25) 

where (al , b1) and (a2, b2) are binary code words of "1 ' and and 's B denotes a predetermined constant. 
[0296] With reference to Fig. 44, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator in the transmitter (see Fig. 30). or the RF signal outputted from the RF portion in the transmitter is composed 

*s of a stream of frames each having N successive symbols. Here, N denotes a predetermined natural number. In every 
frame, the first symbol results from the BPSK modulation, and the second and later symbols result from the 16-value 
QAM. The first symbol in every frame (that is, the BPSK symbol in every frame) i6 used by the receiver as a pilot symbol 
for estimating an amplitude distortion amount and a frequency offset amount. It should be noted that every pilot symbol 
also carries a part of the main information to be transmitted. 

20 [0296] In the receiver (see Fig. 32), the calculator 125 separates pilot symbols (first symbols in frames) from the 
output I and Q signals of the RF portion 122 in response to a signal (a frame and symbol sync signal) having a period 
corresponding to N symbols. The calculator 125 estimates an amplitude distortion amount from the separated pilot 
symbols. Similarly, the calculator 126 separates pilot symbols (first symbols in frames) from the output I and Q signals 
of the RF portion 122 in response to a signal (a frame and symbol sync signal) having a period corresponding to N 

2S symbols. The calculator 1 26 estimates a frequency offset amount from the separated pilot symbols. 

[0297]. Tne quasi synchronous detector 129 in the receiver (see Fig. 32) is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to BPSK 
demodulation and outputs the BPSK-demodulation-resultant digital signal when the output I and Q signals of the RF 
portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals of the 

w RF portion 122 to 16-value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the 
output I and Q signals of the RF portion 122 represent a normal symbol different from a pilot symbol. 
[0298] The 16-value QAM implemented by the 1 6-value QAM modulator 112A provides 1 6 different signal points to 
which 16 different logic states are assigned respectively. For symbols following a BPSK symbol in every frame, the 
16-value QAM modulator 11 2A determines tho assignment of the logic stages to the signal points on the basis of the 

35 signal point used by the BPSK symbol. The signal point used by the BPSK symbol is represented by a pair of BPSK- 
modulation-resultant I and Q signals fed from the BPSK modulator 11 2B. In the case where a signal point 901 A on the 
positive side of the I axis is used by a BPSK symbol, the 16-value QAM modulator 11 2A assigns 4-bil sets of WOO", 
' "0001", "001 0°, "1110*. and -1111" in the input digital signal to 16 signal points 902 for following symbols as shown 
in Fig. 45. In the case where a signal point 901 A on the negative side of the I axis is used by a BPSK symbol, the 

*o 16-value QAM modulator 112A assigns 4-bit sets of "0000°, "OOOr, *0010\ "1110", and "1111" in the input digital 
signal to 16 signal points 902 for following symbols as shown in Fig. 46. 

Seventeenth Embodiment 

45 [0299] A seventeenth embodiment of this invention is similar to the fifteenth embodiment thereof except for design 
changes indicated hereinafter. 

[0300] As shown in Fig. 47. a modulator (a quadrature baseband modulator) in a transmitter in the seventeenth 
embodiment of this invention includes a 2 2 ™-value QAM (quadrature amplitude modulation) modulator 112G instead 
of the 8PSK modulator 112A (see Fig. 31), Here, "m" denotes a predetermined integer equal to or greater than "2". 
so [0301] As shown in Fig. 48, a quasi synchronous detector in a receiver in the seventeenth embodiment of this in- 
vention includes a 2 2m -value QAM demodulator 129E instead of the 8PSK demodulator 129A (see Fig. 33). The 2? m - 
value QAM demodulator 1 29E implements demodulation inverse with respect to the modulation by the QAM modulator 
112G. 

[0302] Fig. 49 shows an arrangement of signal points in an l-Q plane which are provided by 2 2nn -value QAM executed 
55 in the QAM modulator 11 2G. In Fig. 49, the 6ignal points are denoted by the reference numeral "1001 A". The signal 
points are assigned to different logic values respectively. The positions of the signal points in Fig. 49 resurtfrom rotation 
of the signal points in Fig. 42 through an angle of tt/4 radian about the origin. Specifically, the positions (Iqamr> Qqamr) 
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of the signal points in Fig. 49 are given by the following equations. 



'qamr 



QAM 



(26) 



s 



(27) 



where M n" denotes an integer, and (Iqam. Qqam> are S^en b Y the equations (22) and (23). 

io [0300] An example ol the 2 2m -value QAM executed in the QAM modulator 11 2G is 16-value QAM. Fig. 50 shows an 
arrangement of signal points in an l-Q plane which are provided by the 16-value QAM. In Fig. 50, the signal points are 
denoted by the reference numeral "1101*. The signal points are assigned to different logic states (different values) 
respectively. The positions of the signal points in Fig, 50 result from rotation of the signal points in Fig. 43 through an 
angle of n/4 radian about Iho origin. Specifically, In© posilions (l 16QAMR , Qi6Qamr) °* ^° points in Fig. 50 are 

75 given by the following equations. 



where "n-' denotes an integer, and (I^ciam- q i6Qam) are given by the equations (24) and (25). 

[0304] A pair ol the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 

2S (see Fig. 30), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the BPSK modulation, and the second and later symbols result from the 16-value QAM. The first symbol in every 
frame (that is, the BPSK symbol in every frame) is used by the receiver as a pilot symbol for estimating an amplitude 
distortion amount and a frequency offset amount. It should be noted that every pilot symbol also carries a part of the 

30 main information to be transmitted. 

[0305] In the receiver (see Fig. 32), the calculator 125 separates pilot symbols (first symbols in frames) Irom the 
output i and Q signals of the RF portion 122 in response lo a signal (a frame and symbol sync signal) having a period 
corresponding to N symbols. The calculator 125 estimates an amplitude distortion amount from the separated pilot 
symbols. Similarly, the calculator 126 separates pilot symbols (first symbols in frames) from the output I and Q signals 
of the RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N 
symbols. The calculator 126 estimates a frequency offset amount from the separated pilot symbols. 
[0306] The quasi synchronous detector 129 in the receiver (see Fig. 32) is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to BPSK 
demodulation and outputs the BP SK-dernodulation- resultant digital signal when the output I and Q signals of the RF 

40 portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals of the 
RF portion 122 to 16-value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the 
output I and Q signals of the RF portion 122 represent a normal symbol different from a pilot symbol. 
[0307] The 16-value QAM implemented by the 16-value QAM modulator 112G provides 16 different signal points to 
which 16 different logic states are assigned respectively. For symbols following a BPSK symbol in every frame, the 

45 16-value QAM modulator 112G determines the assignment of the logic stales to the signal points on the basis ol the 
signal point used by the BPSK symbol. The signal point used by the BPSK symbol is represented by a pair of BPSK- 
modulation-resultant I and Q signals fed from the BPSK modulator 112B. In the case where a signal point 1 201 on the 
positive side of the I axis is used by a BPSK symbol, the 16-value QAM modulator 11 2G assigns 4-bit sets of "0000", 
'0001', '00 10", — , B 1110", and "1111 ■ in the input digital signal to 16 signal points 1202 for following symbols as shown 

50 in Fig. 51. In the case where a signal point 1201 on the negative side of the I axis is used by a BPSK symbol, the 
16-value QAM modulator 112G assigns 4-bit sets of ■0000*. "0001 \ "0010", '1110", and "tur In the input digital 
signal to 1 6 signal points 1202 for following symbols as shown in Fig. 52. 

Eighteenth Embodiment 

55 

[0308] An eighteenth embodiment of this invention is similar to the fifteenth embodiment thereof except for design 
changes indicated hereinafter. 



1 ISQAMR = 1 I6C*mI COS ^ + *jf > \ ' Q ISQAmI 8 '"^ + ^ ) Y 
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[0309] As shown in Fig. 53, a modulator (a quadrature baseband modulator) In a transmitter in the eighteenth em- 
bodiment of this invention includes a QPSK (quadrature phase shift keying) modulator 11 2H instead of the BPSK 
modulator 112B (see Fig. 31). 

[0310] As shown in Fig. 54, a quasi synchronous detector in a receiver in the eighteenth embodiment of this invention 
includes a QPSK demodulator 129F instead of the BPSK demodulator 129B (see Fig. 33). The QPSK demodulator 
129F implements demodulation inverse with respect to the modulation by the QPSK modulator 11 2H. 
[0311] Fig. 55 shows an arrangement of signal points in en l-Q plane which are provided by the QPSK modulation 
executed In the QPSK modulator 11 2H. In Fig. 55, the signal points are denoted by the reference numeral "1301 \ The 
positions (Iqpsk. q opsk) °f tne signal points are given by the following equations. 

Iqpsk = "{cos <}) cos - sin (J) sin (if) } (30) 

Q QPSK = U i C0S (}) 6ln + Sln (5) C °* <T> 1 (31) 



where "K" denotes a variable Integer, and 'u" denotes a predetermined constant. With reference to Fig. 55, all the signal 
points correspond to a same amplitude given by the constant V. In addition, all the distances between the neighboring 
signal points aro equal lo a same value given by J2u . Furthermore, the signal points are spaced at equal angular 
20 intervals. Accordingly, a QPSK modulation-resultant signal is suited lor detecting an amplitude distortion and a fre- 
quency offset. 

[0312] With reference to Fig. 56, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator in the transmitter (see Fig. 30). or the RF signal outputted from the RF portion in the transmitter is composed 
of a stream of frames each having N successive symbols. Hero, N denotes a predetermined natural number. In every 
^5 frame, the first symbol results from the QPSK modulation, and the second and later symbols result from the BPSK 
modulation. The first symbol in every frame (that is, the QPSK symbol in every frame) is used by the receiver (see Fig. 
32) as a pilot symbol for estimating an amplitude distortion amount and a frequency offset amount. It should be noted 
that every pilot symbol also carries a part of the main information to be transmitted. 

[0313] In the receiver (see Fig. 32). the calculator 125 separates pilot symbols (first symbols in frames) from the 

w output I and Q signals of the RF portion 122 in response to a signal (a frame and symbol sync signal) having a period 
corresponding to N symbols. The calculator 125 estimates an amplitude distortion amount from the separated pilot 
symbols. Similarly, the calculator 126 separates pilot symbols (first symbols in frames) from the output I and Q signals 
of the RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N 
symbols. The calculator 126 estimates a frequency offset amount from the separated pilot symbols. 

& [0314] The quasi synchronous detector 129 in the receiver (see Fig. 32) is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to QPSK 
demodulation and outputs the QPSK -de modulation-resultant digital signal when the output I and Q signals of the RF 
portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals of the 
RF portion 122 to 8PSK demodulation and outputs the 8PSK-demodulat ion -resultant digital signal when the output I 

40 and Q signals of the RF portion 122 represent a normal symbol different from a pilot symbol. 

[0315] The QPSK modulator 112H in the quadrature baseband modulator 11 2 of the transmitter is designed to im- 
plement processes indicated below. The phase of an i-th QPSK symbol in the l-Q plane is denoted by "fy", and the 
phase of an (i+1)-th QPSK symbol in the l-Q plane is denoted by "$ k1 ". The QPSK modulator 112H determines the 
phase "fl^" of the (i+1)-th QPSK symbol in an x-y plane on the basis of the difference between the phases and 

45 "<1>m ' according to the following equation . . 



The QPSK modulator 11 2H implements QPSK modulation providing four signal points which are respectively on the 
positive side of the x axis, the negative side of the x axis, the positive side of the y axis, and the negative side of the 
y axis in the x-y plane as shown in Fig. 57. The QPSK modulator 112H assigns 2-bit sets of "00 1 , "01 \ MO", and "IT 
to the posit rve-x signal point, the positrve-y signal point, the negative-y signal point, and the negative-x signal point, 
respectively. Accordingly, a 2-bit set of *00" corresponds to the absence of any phase change between two successive 
symbols. A 2-bit set of "01" corresponds to the presence of a phase change of n/2 radian between two successive 
symbols. A 2-toit set of "11 " corresponds to the presence of a phase change of 71 radian between two successive 
symbols. A 2-bit set of '10' corresponds to the presence of a phase change of 3ti/2 radian between two successive 
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symbols. The QPSK modulator 112H outputs a pair of modulation-resultant I and Q signals to the switches 11 2D and 
11 2E. The QPSK modulator 1 1 2H includes a latch or a register for sampling and holding a pair ot modulation-resultant 
I and Q signals which are selected by the switches 112D and 112E. The modulation -resultant I and Q signals held by 
the latch or the register are periodically updated. The QPSK modulator 11 2H outputs a pair of held modulation -resultant 

s | and Q signals lo the 8PSK modulalor 112A. 

[0316] The 8PSK modulation implemented by the BPSK modulator 11 2A provides 8 different signal points to which 
8 different logic states are assigned respectively. For symbols following a QPSK symbol in every frame, the 8PSK 
modulator 1 1 2 A determines the assignment of the logic states to the signal points on the basis of the signal point used 
by the QPSK symbol. The signal point used by the QPSK symbol is represented by a pair of QPSK-modulation-resultant 

io | and Q signals fed from the QPSK modulator 112H. In the case where a positive-l posilive-Q signal poinl 1601 is used 
by a QPSK symbol, the 8PSK modulator 112A assigns 3-bit sets of ■000", '001 •010", "011', "100', "101", "110", and 
"111" in the input digital signal to eight signal points 1602 for following symbols as shown in Fig. 58. In the case where 
a negative-l positive-Q signal point 1601 Is used by a QPSK symbol, the 8PSK modulator 11 2A assigns 3-bit sets of 
-000", '001 •, "01 0", "0 1 1 ", "1 00', " 1 0 1", M 1 0\ and "1 1 1 " in the input digital signal to eight signal points 1 602 for following 

is symbols as shown in Fig. 59. In the case where a negative-l negative -Q signal point 1 601 is used by a QPSK symbol, 
the BPSK modulator 112A assigns 3-bit sets ot "000", '001", "010", "011", "100". "101", "110", and "111" in the input 
digital signal to eight signal points 1602 for following symbols as shown in Fig. 60. In the case where a positive^ 
negative-Q signal point 1601 is used by a QPSK symbol, the fiPSK modulator 112A assigns 3-bit setsol '000', "001", 
"010", "011", "100", "101', "HO", and •ill" in the input digital signal to eight signal points 1602 for following symbols 

^0 as shown in Fig. 61 . 

Nineteenth Embodiment 

[0317] A nineteenth embodiment of this invention is similar to the sixteenth embodiment thereof except for design 

£5 changes indicated hereinafter. 

[0318] As shown in Fig. 62, a modulator (a quadrature baseband modulalor) in a transmitter in the nineteenth em- 
bodiment o1 this invention includes a QPSK modulator 112H instead of the BPSK modulator 112B (see Fig. 40). 
[0319] As shown in Fig. 63, a quasi synchronous detector in a receiver in the nineteenth embodiment of this invention 
Includes a QPSK demodulator 129F instead of the BPSK demodulator 129B (see Fig. 41). The QPSK demodulator 

30 129F implements demodulation inverse with respect to the modulation by the QPSK modulator 11 2H 

[0320] Tne QPSK modulator 112H implements QPSK modulation providing signal points which are arranged in an 
l-Q plane as shown in Fig. 65. The positions (Iqpsk» q qpsk) °* tnG signal points are given by the equations (30) and (31 ). 
[0321] With reference to Fig. 64, a pair of the I signal and the Q signal outputted from the quadrature baseband 
modulator In the transmitter (see Fig. 30), or the RF signal outputted from the RF portion In the transmitter is composed 

35 of a stream of frames each having N successive symbols. Here, N denotes a predetermined natural number. In every 
Irame, the first symbol results from the QPSK modulation, and the second and later symbols result from the 2 2m -value 
QAM, for example, the 16-value QAM. The first symbol in every frame (that is, the QPSK symbol in every frame) is 
used by the receiver (see Fig. 32) as a pilot symbol for estimating an amplitude distortion amount and a frequency 
offset amount It should be noted that every pilot symbol also carries a part of the main information to be transmitted. 

40 [0322] In the receiver (see Fig. 32), the calculator 125 separates pilot symbols (first symbols in frames) Irom the 
output I and Q signals of the RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period 
corresponding to N symbols. The calculator 125 estimates an amplitude distortion amount from the separated pilot 
symbols. Similarly, the calculator 126 separates pilot symbols (first symbols in frames) from the output I and Q signals 
of the RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N 

45 symbols. The calculator 126 estimates a frequency offset amount from the separated pilot symbols. 

[0323] The quasi synchronous detector 129 in the receiver (see Fig. 32) Is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to QPSK 
domodulalion and oulpuls the QPSK-domodulalion-rosullanl digital signal whon the outpul I and Q signals of the RF. 
portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals of the 

so RF portion 1 22 to 2 2m -value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the 
output I and Q signals of the RF portion 122 represent a normal symbol different from a pilot symbol. 
[0324] Tne QPSK modulator 112H in the quadrature baseband modulator 112 of the transmitter is designed to im- 
plement processes indicated below. The phase of an i-th QPSK symbol in the l-Q plane is denoted by and the 
phase of an (i+1)-th QPSK symbol in the l-Q plane is denoted by B <fc +1 ' The QPSK modulator 112H determines the 

ss phase °8^i" of the (i+1)-th QPSK symbol in an x-y plane on the basis of the difference between the phases and 
"4> M 1 according to the equation (32). The QPSK modulator 112H implements QPSK modulation providing four signal 
points which are respectively on the positive side of the x axi6, the negative side of the x axis, the positive side of the 
y axis, and the negative side of the y axis in the x-y plane as shown in Fig. 57. The QPSK modulalor 112H assigns 
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2-bit sets of W, "01", '10*, and '11" to the positive-x signal point, the positive-y signal point, the negatfrve-y signal 
point, and the negative-x signal point, respectively. The QPSK modulator 112H outputs a pair of modulation-resultant 
I and Q signals to the switches 112D and 112E. The QPSK modulator 112H includes a latch or a register for sampling 
and holding a pair ol modulation-resultant I and Q signals which are selected by the switches 11 2D and 112E. The 

5 modulalion-resultanl I and Q signals held by the latch or the register are periodically updated. The QPSK modulator 
1 1 2H outputs a pair of held modulation-resultant I and Q signals to the 2 2ro -value QAM modulator 1 1 2F. 
[0325] An example of the modulation implemented by the 2 am -value QAM modulator 112Fisthe 16-value QAM. The 
16-value QAM by the 2 2nfJ -value QAM modulator 112F provides 16 different signal points to which 16 different logic 
states are assigned respectively. For symbols following a QPSK symbol in every frame, the 16-value QAM modulator 

io 112F determines the assignment of the logic states Lo the signal points on the basis of the signal point used by the 
QPSK symbol. The signal point used by the QPSK symbol is represented by a pair ol QPSK-modulation-resultant I 
and Q signals fed from the QPSK modulator 11 2H. In the case where a positive-l positive-Q signal point 1801 is used 
by a QPSK symbol, the 16-value QAM modulator 112F assigns 4-bit sets ol ■0000", "0001 V "0010", •«; "1110", and 
"1111" in the input digital signal to sixteen signal points 1802 for following symbols as 6hown in Fig. 65. In the case 

is where a negative-i positive-Q signal point 1 B01 is used by a QPSK symbol, the 1 6-value QAM modulator 112F assigns 
4-bit sets of "0000", "0001", "0010", "1110", and "1111" in the input digital signal to sixteen signal points 1802 for 
following symbols as shown in Fig. 66. In the case where a negative-i negative-Q signal point 1 801 is used by a QPSK 
symbol, the 16-value QAM modulator 112F assigns 4-bit sets ol "0000", "0001", '0010\ "1110", and "1111" in the 
input digital signal to sixteen signal points 1 802 for following symbols as shown in Fig. 67. In the case where a positive- 

20 I negative-Q signal point 1801 is used by a QPSK symbol, the 16-value QAM modulator 11 2F assigns 4-bit sets of 
"0000", "0001 "001 0\ "1 110", and "1 1 1 1" in the input digital signal to sixteen signal points 1 802 for following symbols 
as shown in Fig. 68. 

Twentieth Embodiment 

2S 

[0326] A twentieth embodiment of this invention is similar to the fifteenth embodiment thereof except for design 
changes indicated hereinafter. 

[0327] As shown in Fig. 69, a modulator (a quadrature baseband modulator) in a transmitter in the twentieth embod- 
iment of this invention includes a QPSK (quadrature phase ehift keying) modulator 1 12J instead of the BPSK modulator 
30 112B(seeFig. 31). 

[0328] As shown in Fig. 70, a quasi synchronous detector in a receiver in the twentieth embodiment of this invention 
includes a QPSK demodulator 129G instead of the BPSK demodulator 129B (see Fig. 33). The QPSK demodulator 
129G implements demodulation inverse with respect to the modulation by the QPSK modulator 11 2J. 
[0329] Fig. 71 shows an arrangement of signal points in an l-Q plane which are provided by QPSK modulation 
05 implemented by the QPSK modulator 112J. In Fig. 71, the signal points are denoted by the reference numeral "1901". 
The positions (Iq PS kr. Qqpskr) °* tne signal points are given by the following equations. 

'Q P SK R =l Q P8K«»M^f )}-Q Q PSK<8< + T )} (33) 

40 

QQPSKR = 'QPSK<«in(5 + T ), + Q QPSK{«»(^f n (34) 

where , n M denotes an integer, and (Iqp S k« Qqpsk) are Q^ 6 " bv the equations (30) and (31)^ With relerence to Fig. 71, 
4S all the signal points correspond to a same amplitude. In addition, all the distances between the neighboring signal 
points are equal to a same value. Furthermore, the signal points are spaced at equal angular intervals. Accordingly, a 
QPSK modulation-resultant signal is suited lor detecting an amplitude distortion and a frequency oltset. 
[0330] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 30), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 
£ o having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 8PSK modulation. The first symbol in 
every Irame (that is, the QPSK symbol in every frame) is used by the receiver (see Fig. 32) as a pilot symbol for 
estimating an amplitude distortion amount and a frequency offset amount. It should be noted that every pilot symbol 
also carries a part of the main information to be transmitted. 
" [0331] In the receiver (see Fig. 32), the calculator 125 separates pilot symbols (first symbols in frames) from the 
output I and Q signals of the RF portion 122 in response to a signal (a frame and symbol sync signal) having a period 
corresponding to N symbols, the calculator 125 estimates an amplitude distortion amount from the separated pilot 
symbols. Similarly, the calculator 126 separates pilot symbols (first symbols in frames) from the output I and Q signals 
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of the RF portion 122 in response to a signal {a frame and symbol sync signal) having a period corresponding to N 
symbols. The calculator 1 26 estimates a frequency offset amount from the separated pilot symbols. 
[0332] The quasi synchronous detector 129 in the receiver (see Fig. 32) is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to QPSK 
5 demodulation and outputs the QPSK-demodulaLion-re6ullanl digital signal when the outpul i and Q signals of the RF 
portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals ol the 
RF portion 122 to 8PSK demodulation and outputs the ePSK-demodulation-resultant digital signal when the output I 
and Q signals of the RF portion 1 22 represent a normal symbol different from a pilot symbol. 

[0333] The OPSK modulator 112J in the quadrature baseband modulator 112 of the transmitter is designed to im- 
io plemenl processes indicaled below. The phase of an i-th QPSK symbol in the l-Q plane is denoted by "^j", and the 
phase of an (i+1)-th QPSK symbol in the l-Q plane is denoted by "fy,j". The QPSK modulator 112J determines the 
phase "S^' of the (i+1)-th QPSK symbol in an x-y plane on the basis of the difference between the phases and 
N>m " according to the following equation. 



The QPSK modulator 1 1 2J implements QPSK modulation providing four signal points which are spaced at equal angular 
Intervals. The QPSK modulator 1 1 2 J assigns 2-bit sets o1 •00", "01 \ "1 0", and "1 1 " to the four signal points respectively. 

20 The QPSK modulator 112J outputs a pair of modulation-resultant I and Q signals to the switches 11 2D and 112E. The 
QPSK modulator 112J includes a latch or a register for sampling and holding a pair of modulation -resultant I and Q 
signals which are selected by the switches 11 2D and 11 2E. The modulation-resultant I and Q signals held by the latch 
or the register are periodically updated. The QPSK modulator 112J outputs a pair of held modulation-resultant I and 
Q signals to the 8PSK modulator 11 2A. 

25 [0334] The 8PSK modulation implemented by the 6PSK modulator 11 2A provides 8 different signal points to which 
8 different logic slates are assigned respectively. For symbols following a QPSK symbol in every frame, Ihe 3PSK 
modulator 1 1 2A determines the assignment of the togic states to the signal points on the basis of the signal point used 
by the QPSK symbol. The signal point used by the QPSK symbol is represented by a pair of QPSK^odulation-resurtant 
I and Q signals fed from the QPSK modulator 112J. In the case where a signal point 2001 on the positive side of the 

30 I axis is used by a QPSK symbol, the 8PSK modulator 112A assigns 3-bit sets of '000', '001 "01 0", '01V, MOO", 
"101 "110", and "11 1 B in the input digital signal to eight signal points 2002 for following symbols as shown in Fig. 72. 
In the case where a signal point 2001 on the positive side of the Q axis is used by a QPSK symbol, the 8PSK modulator 
112A assigns 3-bit sets of "GOO', "001", "010", "011*, "100', "101", "HO", and '111' in the input digital signal to eight 
signal points 2002 for following symbols as shown In Fig. 73. In the case where a 6ignal point 2001 on the negative 

35 side of the I axis is used by a QPSK symbol, the 8PSK modulator 112A assigns 3-bit sets ol T)00", '001", "010", "011", 
•100", "10T, "HO", and n 1ir in the input digital signal to eight signal points 2002 for following symbols as shown in 
Fig. 74. In the case where a signal point 2001 on the negative side of the Q axis is used by a QPSK symbol, the 8PSK 
modulator 112Aass»gns 3-bit sets of "000", "001", "010", "011". "100", "101", "110 - , and "111" in the input digital signal 
to eight 9ignal points 2002 for following symbols as shown in Fig. 75. 

40 

Twenty-First Embodiment 

[0335] A twenty-first embodiment of this invention is similar to the sixteenth embodiment thereof except for design 
changes indicated hereinafter. 

45 [0336] As shown in Fig. 76, a modulator (a quadrature baseband modulator) In a transmitter In the twenty-first em- 
bodiment of this invention includes a QPSK (quadrature phase shift keying) modulator 11 2J instead of the BPSK mod- 
ulator 112B (see Fig. 40). The QPSK modulator 11 2J implements QPSK modulation providing signal points which are 
arranged in an l-Q plane as shown in Fig. 71 . 

[0337] As shown in Fig. 77, a quasi synchronous detector in a receiver in the twenty-first embodiment of this invention 
50 includes a QPSK demodulator 129G instead of the BPSK demodulator 129B (see Fig. 41). The QPSK demodulator 
129G implements demodulation inverse with respect to the modulation by the QPSK modulator 11 2J. 
[0338] A pair of the I signal and the Q signal outputted from the quadrature baseband modulator in the transmitter 
(see Fig. 30), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 
having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
55 from the QPSK modulation, and the second and later symbols result from the 2 2m -vaJue QAM modulation. The first 
symbol in every frame (that is, the QPSK symbol in every frame) is used by the receiver (see Fig. 32) as a pilot symbol 
for estimating an amplitude distortion amount and a frequency offset amount. It should be noted that every pilot symbol 



is 



°ki = *ki ' *i < mod 2n > 



(35) 
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also carries a part ol the main information to be transmitted. 

[0339] In the receiver (see Fig. 32), the caiculator 125 separatee pilot symbols (first symbols in frames) from the 
output I and Q signals of the RF portion 122 in response to a signal (a frame and symbol sync signal) having a period 
corresponding to N symbols. The calculator 125 estimates an amplitude distortion amount from the separated pilot 
symbols. Similarly, the calculalor 1 26 separates pilol symbols (first symbols in frames) from Ihe output I and Q signals 
of the RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N 
symbols. The calculator 126 estimates a frequency offset amount from the separated pilot symbols. 
[0340] "me quasi synchronous detector 129 in the receiver (see Fig. 32) is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to QPSK 
demodulation and outputs the QPSK-demodulalion-resullanl digital signal when the output I and Q signals ol the RF 
portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output i and Q signals o1 the 
RF portion 122 to 22 m -value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the 
output I and Q signals of the RF portion 122 represent a normal symbol different from a pilot symbol. 
[0341] The QPSK modulator 112J in the quadrature baseband modulator 112 of the transmitter is designed to im- 
plement processes indicated below. The phase of an i-th QPSK symbol in the l-Q plane is denoted by "ty", and the 
phase of an (i+1)-th QPSK symbol in the l-Q plane is denoted by "<|> k1 B . The QPSK modulator 112J determines the 
phase of the (i+1)-th QPSK symbol in an x-y plane on the basis of the difference between the phases and 
"<|> M " according to the equation (35). The QPSK modulator 11 2J implements QPSK modulation providing four signal 
points which are spaced at equal angular intervals. The QPSK modulator 11 2J assigns 2-bit sets of "00", "01", "10", 
and "11 • to lour signal points in the x-y plane respectively. The QPSK modulator 112J outputs a pair of modulation- 
resultant I and Q signals to the switches 11 2D and 112E. The QPSK modulator 112J includes a latch or a register for 
sampling and holding a pair of modulation-resultant I and Q signals which are selected by the switches 11 2D and 1 12E. 
The modulation-resultant I and Q signals held by the latch or the register are periodically updated. The QPSK modulator 
112J outputs a pair of held modulation-resultant I and Q signals to the 2 2m -value QAM modulator 112F. 
[0342] An example of the modulation implemented by the 2 2ro -value QAM modulator 112F is the 16-value QAM. The 
16-value QAM by the 2 2m -value QAM modulator 112F provides 16 different signal points to which 16 different logic 
states are assigned respectively. For symbols following a QPSK symbol in every frame, the 16-value QAM modulator 
112F determines the assignment of the logic states to the signal points on the basis of the signal point used by the 
QPSK symbol. The signal point used by the QPSK symbol is represented by a pair of QPSK-modulation- resultant I 
and Q signals fed from the QPSK modulator 11 2J. In the case where a signal point 2101 on the positive side of the I 
axis is used by a QPSK symbol, the 16-value QAM modulator 112F assigns 4-bit sets of "0000'. "0001", "0010", 
■1110', and "llir in the input digital signal to sixteen signal points 2102 tor following symbols as shown in Fig. 78. In 
the case where a signal point 2101 on the positive side of the Q axis is used by a QPSK symbol, the 16-value QAM 
modulator 112F assigns 4-bit sets of "0000", WOI", '0010', "1110", and '1111" in the input digital signal to sixteen 
signal points 2102 for following symbols as shown in Fig. 79. In the case where a signal point 2101 on the negative 
side of the I axis is used by a QPSK symbol, the 16-value QAM modulator 11 2F assigns 4-bit sets ol "0000 # , "0001", 
"0010", "1110', and "1111" in the input digital signal to sixteen signal point6 2102 for following symbols as shown in 
Fig. 80. In the case where a signal point 2101 on the negative side of the Q axis is used by a QPSK symbol, the 
16-value QAM modulator 112F assigns 4-bit sets ol '0000", "0001". "0010", "1110", and "1111" in the input digital 
signal to sixteen signal points 2102 for lollowing symbols as shown in Fig. 81 . 

Twenty-Second Embodiment 

[0343] A twenty-second embodiment of this invention is similar to the seventeenth embodiment thereof except for 

45 design changes indicated hereinafter. 

[0344] As shown in Fig. 82. a modulator (a quadrature baseband modulator) in a transmitter in the twenty-second 
embodiment of this invention includes a QPSK (quadrature phase shift keying) modulator 11 2H instead of the BPSK 
modulator 11 2B (see Fig. 47). The QPSK modulator 11 2H implements QPSK modulation providing signal points which 
are arranged in an I -Q plane as shown in Fig. 55. 

so [0345] As shown in Fig. S3, a quasi synchronous detector in a receiver in the twenty-second embodiment of this 
invention includes a QPSK demodulator 129F instead of the BPSK demodulator 129B (see Fig. 48). The QPSK de- 
modulator 129F implements demodulation inverse with respect to the modulation by the QPSK modulator 112H. 
[0346] A pair of the I signal and Iho Q signal oulpullod from the quadrature baseband modulator in the transmitter 
(see Fig. 30), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 

55 having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 2 2 ™-value QAM modulation. The first 
symbol in every frame (that is. the QPSK symbol in every frame) Is used by the receiver (see Fig. 32) as a pilot symbol 
for estimating an amplitude distortion amount and a frequency offset amount. It should bo noted that every pilot symbol 
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also carries a part of the main information to be transmitted. 

[0347] In the receiver (see Fig. 32), the calculator 125 separates pilot symbols (first symbols in frames) Irom the 
output I and Q signals of the RF portion 122 in response to a signal (a frame and symbol sync signal) having a period 
corresponding to N symbols. The calculator 125 estimates an amplitude distortion amount from the separated pilot 

5 symbols. Similarly, the calculator 1 26 separates pilot symbols (first symbols in frames) from the output I and Q signals 
of Ihe RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N 
symbols. The calculator 126 estimates a frequency offset amount from the separated pilot symbols. 
[0348] The quasi synchronous detector 129 in the receiver (see Fig. 32) is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to QPSK 

io demodulation and outputs the QPSK-demodulalion-resullant digital 6ignal when the output I and Q signals of the RF 
portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals ot the 
RF portion 122 to 2 2m -value QAM demodulation and outputs the QAM-demodulation-resultant digital signal when the 
output I and Q signals ol the RF portion 122 represent a normal symbol different from a pilot symbol. 
[0349] The QPSK modulator 112H in the quadrature baseband modulator 112 of the transmitter is designed to im- 

75 plement processes indicated below. The phase of an i-th QPSK symbol in the l-Q plane is denoted by >; a , and the 
phase of an (Ul)-th QPSK symbol in the l-Q plane is denoted by "$| +1 ". The QPSK modulator 112H determines the 
phase "8^.," of the (i+1)-th QPSK symbol in an x-y plane on the basis of the difference between the phases and 
according to the equation (32). The QPSK modulator 112H implements QPSK modulation providing four signal 
points which are spaced at equal angular intervals. The QPSK modulator 112H assigns 2-bit sets of "00", •01", "10*, 

20 and "11 " to four signal points in the x-y plane respectively. The QPSK modulator 11 2H outputs a pair of modulation- 
resultant I and Q signals to the switches 11 2D and 112E. The QPSK modulator 112H includes a latch or a register for 
sampling and holding a pair of modulation -resultant I and Q signals which are selected by the switches 11 2D and 1 1 2E . 
The modulation -resultant I and Q signals held by the latch or the register are periodically updated. The QPSK modulator 
1 1 2H outputs a pair of held modulation -res urtant I and Q signals to the 2 2m -value QAM modulator 1 1 2G. 

25 [0350] An example of the modulation implemented by the 2 2n) -value QAM modulator 1 1 2G is the 1 6-value QAM. The 
16-value QAM by the 22 m -value QAM modulator 112G provides 16 different signal points to which 16 different logic 
states are assigned respectively. For symbols following a QPSK symbol in every frame, the 16-value QAM modulator 
112G determines the assignment of the logic states to the signal points on the basis of the signal point used by the 
QPSK symbol. The signal point used by the QPSK symbol is represented by a pair of QPSK-modulation-resuhant I 

30 and Q signals fed from the QPSK modulator 112H. In the case where a positive-l posit rve-Q signal point 2201 is used 
by a QPSK symbol, the 16-value QAM modulator 112G assigns 4-bit sets of "0000", "OOOr, "0010", ••, "1110". and 
"1111" in the input digital signal to sixteen signal points 2202 for following symbols as shown in Fig. 84. In the case 
where a negative ! positrve-Q signal point 2201 is used by a QPSK symbol, the 1 6-value QAM modulator 1 1 2G assigns 
4-bit sets of "0000", "0001°, "0010", »., "1110", and "1111" in the input digital signal to sixteen signal points 2202 for 

35 following symbols as shown in Fig. 65. In the case where a negative-! negative-Q signal point 2201 is used by a QPSK 
symbol, the 16-value QAM modulator 112G assigns 4-bit sets of "0000", X)001\ "0010", B 1110". and "1111" in the 
input digital signal to sixteen 6ignal points 2202 for following symbols as shown in Fig. 86. In the case where a positive- 
I negative-Q signal point 2201 is used by a QPSK symbol, the 16-value QAM modulator 11 2G assigns 4-bit sets of 
■0000", "0001", "0010", .... "1110", and "111 1 " In the input digital signalto sixteen signal points 2202 for following symbols 

40 a6 shown in Fig. 67. 

Twenty-Third Embodiment 

[0351] A twenty-third embodiment of this invention is similar to the seventeenth embodiment thereof except for design 

45 . changes indicated hereinafter. 

[0352] As shown in Fig. 88, a modulator (a quadrature baseband modulator) in a transmitter in the twenty-third 
embodiment of this invention includes a QPSK (quadrature phase shift keying) modulator 11 2J instead of the BPSK 
modulalor 112B (600 Fig. 47). ThoQPSK modulalor 11 2J implements QPSK modulation providing signal points which 
are arranged in an l-Q plane as shown in Fig. 71 . 

so [0353] As shown in Fig. 69, a quasi synchronous detector in a receiver in the twenty-second embodiment of this 
invention Includes a QPSK demodulator 129G instead of the BPSK demodulator 129B (see Fig. 46). The QPSK de- 
modulator 1 29G implements demodulation inverse with respect to the modulation by the QPSK modulator 11 2J. 
[0354] A pair of the I signal and Ihe Q signal oulpullod from Iho quadrature baseband modulator in the transmitter 
(see Fig. 30), or the RF signal outputted from the RF portion in the transmitter is composed of a stream of frames each 

ss having N successive symbols. Here, N denotes a predetermined natural number. In every frame, the first symbol results 
from the QPSK modulation, and the second and later symbols result from the 2 2m -value QAM modulation. The first 
symbol in every frame (that is. the QPSK symbol in every frame) is used by the receiver (see Fig. 32) as a pilot symbol 
for estimating an amplitude distortion amount and a frequency olfsel amount. It should bo noted thai every pilot symbol 
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also carries a part of the main information to be transmitted. 

[0355] in the receiver (see Fig. 32), the calculator 125 separates pilot symbols (first symbols in frames) from the 
output I and Q signals of the RF portion 122 in response to a signal (a Irame and symbol sync signal) having a period 
corresponding to N symbols. The calculator 125 estimates an amplitude distortion amount from the separated pilot 

5 symbols. Similarly, the calculator 1 26 separates pilol symbols (first symbols in frames) from the output I and Q signals 
of the RF portion 1 22 in response to a signal (a frame and symbol sync signal) having a period corresponding to N 
symbols. The calculator 126 estimates a frequency offset amount from the separated pilot symbols. 
[0366] The quasi synchronous detector 129 in the receiver (see Fig. 32) is designed to implement the following 
processes. The quasi synchronous detector 129 subjects the output I and Q signals of the RF portion 122 to QPSK 

io demodulation and outputs the QPSK-demodulalion-resullanl digilal signal when the output I and Q signals of the RF 
portion 122 represent a pilot symbol. The quasi synchronous detector 129 subjects the output I and Q signals of the 
RF portion 122 to 2 2m -value QAM demodulation and outputs the QAM-demodulat ion-resultant digital signal when the 
output I and Q signals of the RF portion 122 represent a normal symbol different from a pilot symbol. 
[0357] The QPSK modulator 112J in the quadrature baseband modulator 112 of the transmitter, is designed to im- 

75 plement processes indicated below. The phase of an i-th QPSK symbol in the l-Q plane is denoted by and the 
phase of an (i+1)-th QPSK symbol in the l-Q plane is denoted by "$ M ". The QPSK modulator 112H determines the 
phase "8, +1 " of the (i+1)-th QPSK symbol in an x-y plane on the basis of the difference between the phases "$," and 
"$ M " according to the equation (35). The QPSK modulator 11 2J implements QPSK modulation providing four signal 
points which are spaced at equal angular intervals. The QPSK modulator 11 2J assigns 2-bit sets of "00", "01", "TO - , 

£0 and "11 1 to four signal points in the x-y plane respectively. The QPSK modulator 112J outputs a pair of modulation- 
resultant I and Q signals to the switches 11 2D and 112E. The QPSK modulator 112J includes a latch or a register for 
sampling and holding a pair of modulation-resultant I and Q signals which are selected by the switches 11 2D and 112E. 
The modulation-resultant I and Q signals held by the latch or the register are periodically updated. The QPSK modulator 
1 1 2J outputs a pair of held modulation- resultant I and Q signals to the 2 2m -value QAM modulator 1 12G. 

25 [0358] An example of the modulation implemented by the 2 2m -value QAM modulator 1 1 2G is the 1 6-value QAM. The 
16- value QAM by the 2 s m -value QAM modulator 112G provides 16 different signal points to which 16 different logic 
states are assigned respectively. For symbols following a QPSK symbol In every frame, the 1 6-value QAM modulator 
112G determines the assignment of the logic states to the signal points on the basis of the signal point used by the 
QPSK symbol. The signal point used by the QPSK symbol is represented by a pair of QPSK-modulation-resultant I 

30 and Q signals fed from the QPSK modulator 112J. In the case where a signal point 2301 on the positive side of the I 
axis is used by a QPSK symbol, the 16-value QAM modulator 112G assigns 4-bit sets of "0000", "0001", "001 0*. 
"1110", and "11 11" in the input digital signal to sixteen signal points 2302 for following symbols a6 shown in Fig. 90. In 
the case where a signal point 2301 on the positive side of the Q axis is used by a QPSK symbol, the 16-value QAM 
modulator 11 2G assigns 4-bit sets of "0000", "0001 *. "0010", "1110", and "1111" in the input digital signal to sixteen 

35 signal points 2302 for following symbols as shown in Fig. 91. In the case where a signal point 2301 on the negative 
side of the I axis is used by a QPSK symbol, the 16-value QAM modulator 112G assigns 4-bit seteof XXX30', "0001", 
"0010", "1110", and "11 11" in the input digital 6ignal to sixteen 6ignal points 2302 for following symbols as shown in 
Fig. 92. In the case where a signal point 2301 on the negative side of the Q axis is used by a QPSK symbol, the 
16-value QAM modulator 112G assigns 4-bit sets of "0000", "000r, "0010", .... "1110", and "1111" in the input digital 

*o signal to sixteen signal points 2302 for following symbols as shown in Fig. 93. 

Simulation 

[0359] Simulation was executed by a computer. During the simulation, normal symbols were made on the basis of 
45 1 6-value QAM while pilot symbols were made on the basis of QPSK modulation according to this invention. The normal 
symbols and the pilot symbols were combined into a symbol stream in a way based on this invention. In the symbol 
stream, the number of normal symbols between pilot symbols (that is, a data symbol length) was equal to a given 
natural number "n" while oach of the separate pilol symbols was equal to "1" in length. The given natural number 'n u 
was "1", "7". or "15". Accordingly, symbol streams of three types were generated. During the simulation, each of the 
so first -type symbol stream, the second-type symbol stream, and the third-type symbol stream was transmitted from a 
transmitter to a receiver. In the receiver, normal symbols were subjected to quasi synchronous detection using 1 6-value 
QAM demodulation while pilot symbols were subjected to delayed detection using QPSK demodulation. Regarding the 
transmission of oach of the first-type symbol stream, the socond-typo symbol stream, and the third-typo symbol slroam, 
the bit error rate was calculated at a varying ratio of the 1-bit signal energy *Eb" to the noise power density "NO". In 
55 the case where the given natural number "n" was equal to d 1 \ as the ratio of the 1-bit signal energy "Eb" to the noise 
power density "NO" increased, the calculated bit error rate decreased along the curve D1 ol Fig. 94. In the case where 
the given natural number "n" was equal to "7". as the ratio of the 1-bit signal energy w Eb" to the noise power density 
"NO" increased, Ihe calculated bit error ralo decreased along the curve D7 of Fig. 94. In the case whore the given 
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natural number "n* was equal to "15". as the ratio of the 1-bit signal energy *Eb" to the noise power density "NO" 
increased, the calculated bit error rate decreased along the curve D15 of Fig. 94. 

[0360] As comparative examples, similar simulation was implemented on a prior-art system. Specifically, normal 
symbols were made on the basis of 16-value QAM while a signal point corresponding to a maximum amplitude was 
5 used as pilot symbols. The normal symbols and Ihe pilol symbols were combined into a symbol stream in a prior-art 
way. In the symbol stream, the number of normal symbols between pilot symbols (that is, a data symbol length) was 
equal to a given natural number "n" while each of Ihe separate pilot symbols was equal to "1 " in length. The given 
natural number "n" was u 1 *7 m t or '15". Accordingly, symbol streams of three types were generated. Each of the first- 
type symbol stream, the second-type symbol stream, and the third-type symbol stream was transmitted from a trans- 
re miller to a receiver. In the receiver, Ihe transmitted symbol stream was subjected lo quasi synchronous detection using 
16-value QAM demodulation. Regarding the transmission ol each of the tirst-lype symbol stream, the second-type 
symbol stream, and the third-type symbol stream, the bit error rate was calculated at a varying ratio ol the 1-bit signal 
snergy "Eb u to the noise power density "NOV In the case where the given natural number 'n* was equal to "1 as the 
ratio of the 1-bit signal energy 'Eb* to the noise power density "NO" Increased, the calculated bit error rate decreased 
is along the curve El of Fig. 94. In the case where the given natural number B n" was equal to 7', as the ratio of the 1 -bit 
signal energy *Eb" to the noise power density 'NO' Increased, the calculated bit error rate decreased along the curve 
E7 of Fig. 94. in the case where the given natural number a n a was equal to "15", as the ratio of the 1-bit signal energy 
"Eb" to the noise power density "NO" increased, the calculated bit error rate decreased along the curve E15 of Fig. 94. 
[0361] As shown in Fig. 94, the bit error rates (the curves D1, D7, and D15) in this invention are better than the 
20 corresponding prior-art bit error rates (the curves El, E7, and E15). 



Claims 

25 1. A method of modulation, comprising the steps of: 

periodically and alternately subjecting an input digital signal to first modulation and second modulation to 
convert the input digital signal into a pair of a baseband I signal and a baseband Q signal, the first modulation 
and the second modulation being different from each other; and 
30 outputting the pair of the baseband I signal and the baseband Q signal. 

2. A method as recited in claim 1 , wherein the first modulation is at least 8 -signal-point modulation, and the second 
modulation is phase shift keying. 

35 3. A method as recited in claim 2, wherein the phase shift keying is quadrature phase shift keying. 

4. A method a6 recited in claim 3, wherein the quadrature phase shift keying provides signal points on an I axis and 
a Qaxis in an l-Q plane. 

40 s. A method as recited in claim 2, wherein the at least 8-signat-point modulation is at least 6 quadrature amplitude 
modulation. 

6. A method as recited in claim 4, wherein the at least 8-signal-point modulation is at least 8 quadrature amplitude 
modulation. 

7. A method as recited in claim 5, wherein the at least 6 quadrature amplitude modulation is 16 quadrature amplitude 
modulation. 

6. A method as recited in claim 6, wherein the at least 8 quadrature amplitude modulation is 1 6 quadrature amplitude 
so modulation. 

9. A method as recited in claim 5. wherein the at least 8 quadrature amplitude modulation provides signal points 
which result from rotation ol signal points of at least 8-valuo normal quadraluro amplitude modulation through an 
angle of rc/4 radian about an origin in an l-Q plane. 

55 

10. A method as recited in claim 6, wherein the at least 8 quadrature amplitude modulation provides signal points 
which result from rotation of signal points of at least 8-value normal quadrature amplitude modulation through an 
angle of nJA radian about an origin in an l-Q plane. 
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1 1 . A method as recited in claim 7, wherein the 1 6 quadrature amplitude modulation provides signal points which result 
from rotation of signal point6 of 16-value normal quadrature amplitude modulation through an angle of n/4 radian 
about an origin In an l-Q plane. 

5 1 2. A method as reciled in claim 8, wherein the 1 6 quadrature amplitude modulation provides signal points which result 
from rotation of signal points of 16-value normal quadrature amplitude modulation through an angle ol ti/4 radian 
about an origin in an l-Q plane. 

13. A method as recited in claim 2, wherein a maximum of amplitudes corresponding to signal points of the at least 
io 8-signal-point modulation in an l-Q plane is equal to an amplitude of a signal point of the phase shift keying in the 

l-Q plane. 

1 4. A method as recited In claim 7, wherein a distance between signal points of the 1 6 quadrature amplitude modulation 
in an l-Q plane is equal to a given value times a distance between signal points of the phase shift keying in the I- 

is Q plane, the given value being in a range of 0.9 to 1.5. 

1 5. A method as recited in claim 7, wherein a distance between signal points ol the 16 quadrature amplitude modulation 
in an l-Q plane is equal to twice a distance between signal points ol the phase shift keying in the l-Q plane. 

?0 16. A method as recited in claim 6, wherein a distance between 6tgnal points of the 16 quadrature amplitude modulation 
in the l-Q plane is equal to V2 times a distance between signal points of the quadrature phase shift keying in the 
l-Q plane. 

17. A method as recited in claim 2, wherein the phase shift keying providing periodically-spaced symbols which rep- 
2S resent corresponding portions of the input digital signal in terms of differences between phases of the periodically- 
spaced symbols. 

18. A method as recited in claim 17, wherein the at least 8-signal-point modulation assigns logic states of the input 
digital signal to respective signal points for a first symbol in response to a signal point used by a second symbol 

oo of the phase shift keying which precedes the first symbol. 

19. A method as recited in claim 17, wherein the at least 8-6ignal-point modulation is at least B quadrature amplitude 
modulation. 

35 20. A method as recited in claim 1 9, wherein the at least 8 quadrature amplitude modulation is 1 6 quadrature amplitude 
modulation. 

21. A method as recited in claim 19, wherein the at least 8 quadrature amplitude modulation provides signal points 
which result from rotation of signal points of at least 8-value normal quadrature amplitude modulation through an 

40 angle of n/4 radian about an origin in an l-Q plane. 

22. A method as recited in claim 20, wherein the 16 quadrature amplitude modulation provides signal points which 
result from rotation ol signal points of 16-value normal quadrature amplitude modulation through an angle of tc/4 
radian about an origin in an l-Q plane. 

45 

23. A method as recited in claim 17, wherein the phase shift keying is quadrature phase shift keying. 

24. A method as rocilod in claim 23, wherein Ihe quadrature phase shift keying provides signal points on an I axis and 
a Q axis in an l-Q plane. 

so 

25. A method as recited In claim 1 , wherein the first modulation is 1 6 quadrature amplitude modulation, and the second 
modulation is quadrature phase shift keying. 

26. A method as recited in claim 25, wherein the 16 quadrature amplitude modulation provides signal points which 
55 result from rotation of signal points of 16-value normal quadrature amplitude modulation through an angle of n/4 

radian about an origin in an l-Q plane. 

27. A method as rocilod in claim 25, wheroin the quadrature phase shift koying provides signal points on an I axis and 
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a Q axis in an l-Q plane. 

28. A method as recited in claim 25, wherein ths 18 quadrature amplitude modulation provides signal points which 
result from rotation of signal points of 1 6-value normal quadrature amplitude modulation through an angle of tc/4 

s radian about an origin in an l-Q plane, and the quadrature phase shift keying provides signal points on an I axis 

and a Q axis in the l-Q plane. 

29. A method as recited In claim 25, wherein a maximum of amplitudes corresponding to signal points of the 16 quad- 
rature amplitude modulation in an l-Q plane is equal to an amplitude of a signal point of the quadrature phase shift 

io keying in the l-Q plane. 

30. A method as recited in claim 25, wherein a distance between signal points of the 16 quadrature amplitude modu- 
lation in an l-Q plane is equal to a given value times a distance between signal points of the quadrature phase 
shift keying in the l-Q plane, the given value being in a range of 0.9 to 1 .5. 

75 

31. A method as recited in claim 25, wherein a distance between signal points of the 16 quadrature amplitude modu- 
lation in an l-Q plane is equal to twice a distance between signal points of the quadrature phase shift keying in the 
l-Q plane. 

so 32. A method as recited in claim 26, wherein a distance between signal points of the 1 6 quadrature amplitude modu- 
lation in the l-Q plane is equal to J2 times a distance between signal points of the quadrature phase shift keying 
in the l-Q plane. 

33. A transmission apparatus comprising: 

25 

first means for periodically and alternately subjecting an input digital signal to first modulation and second 
modulation to convert the input digital signal into a pair of a baseband I signal and a baseband Q signal, the 
first modulation and the second modulation being different from each other, the first modulation being at least 
8-slgnal-point modulation, the second modulation being phase shift keying; and 
30 second means for out putting the pair of the baseband I signal and the baseband Q signal. 

34. A reception apparatus comprising: 

first means for recovering a pair of a baseband I signal and a baseband Q signal from a received signal; and 
35 second means for periodically and alternately subjecting the pair of the baseband I signal and the baseband 

Q signal to first demodulation and second demodulation to convert the pair ol the baseband I signal and the 
baseband Q signal into an original digital signal; 

wherein the first demodulation is for signals of at least 8 signal points modulation, and the second demodulation 
is phase shift keying demodulation. 

40 

35. A radio communication system comprising: 

a transmission apparatus including: 

a1) first means for periodically and alternately subjecting an input digital signal to first modulation and second 
45 modulation to convert the input digital signal into a pair of a baseband t signal and a baseband Q signal, the 

first modulation and the second modulation being different from each other, the first modulation being at least 
8-signal-point modulation, the second modulation being phase shift keying; 

a2) second moans for converting Ihe pair of Iho baseband 1 signal and the baseband Q signal generated by 
the first means into a corresponding RF signal; and 
so a3) third means for transmitting the RF signal generated by the second means; 

a reception apparatus including: 

b1) fourth means for receiving the RF signal transmitted by the third means; 
55 b2) fifth means for recovering a pair of a baseband I signal and a baseband Q signal from the RF signal 

received by the fourth means; and 

b3) sixth means for periodically and alternately subjecting the pair of the baseband I 6ignal and the baseband 
Q signal recovered by the filth moans to first demodulation and second demodulation lo convert the pair of 
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the baseband i signal and the baseband Q signal into an original digital signal; 

wherein the first demodulation is tor signals of at least 8 signal points modulation, and the second demodu- 
lation is phase shift keying demodulation. 
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